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AUTOMATED  CALCULATION  OF  PROTECTION  FACTORS  FOR  THE 
DI-2-ETHYLHEXYL  PHTHALATE  RESPIRATOR  QUANTITATIVE  FIT 
TEST  INSTRUMENT 


INTRODUCTION 

The  purpose  of  this  report  is  to  present  an  automated  procedure  for  cal¬ 
culating  a  respirator's  protection  factor  (PF),  afforded  to  the  respiratory 
tract  and  eyes,  against  chemical  warfare  (CW)  agents  in  particulate,  aerosol, 
or  vapor  form.  The  Los  Alamos  Scientific  Laboratory  (LASL)  is  credited  with 
developing  the  basic  di-2-ethylhexyl  phthalate  (DEHP)  respirator  quantitative 
fit  test  (RQFT)  method  [1,  2].  Two  United  States  manufacturers  market  a  com¬ 
mercial  version  of  the  LASL  DEHP  RQFT  instrument  [3,  4]: 

1.  Ai r  Techniques  Incorporated 
1717  Whitehead  Road 
Baltimore,  Maryland  21207 

Telephone  No.:  (301)  944-6037 

(Mr.  Samuel  B.  Steinberg,  President) 

2.  Dynatech  Frontier  Corporation 
P.0.  Box  30041 

Albuquerque,  New  Mexico  87110 

t 

Telephone  No.:  (505)  226-7932 

(Dr.  Charles  L.  Wright,  Jr.,  President) 

The  United  States  Air  Force  School  of  Aerospace  Medicine  (USAFSAM)  has  several 
years  of  laboratory  experience  with  RQFT  research  and  development,  and  cur¬ 
rently  operates  a  sodium  chloride  (NaCl)  and  DEHP  instrument  [5,  6], 

Our  experience  with  RQFT  instrumentation  has  shown  one  area  to  be  of  par¬ 
ticular  concern;  namely,  the  method  of  reducing  the  collected  data  (respirator 
penetration  concentration  for  a  particular  exercise  protocol)  and  calculating 
a  protection  factor.  Several  interested  organizations  have  developed  and  re¬ 
ported  the  following  data  reduction  schemes  for  respirator  quantitative  fit 
testing  [1,  2,  5-36]: 

a.  selection  of  the  overall  maximum  output  peak 

b.  arithmetic  average  of  the  maximum  output  peaks 

c.  arithmetic  average  of  the  maximum  output  peaks  and  minimum  valleys 

(midpoint) 


EDITOR'S  NOTE:  Available,  on  pp.  128  -  130,  is  a  selective  list  (plus 
definitions)  of  the  "Abbreviations,  Acronyms,  and  Symbols"  used 
throughout  this  volume. 
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d.  visual  estimation  of  the  midpoint  between  the  maximum  output  peaks 

and  minimim  valleys 

e.  time-averaged  or  integrated  value. 

This  report  develops  an  automated  procedure  to  reduce  the  DEHP  respirator 
leak  test  data  and  calculate  a  composite  protection  factor.  A  similar  proce¬ 
dure  has  been  adapted  to  the  USAFSAM  NaCl  RQFT  instrument  [37].  An  overview 
of  the  DEHP  RQFT  instrument  is  followed  by:  a  discussion  of  conventional  PF 
calculations;  the  use  of  a  voltage-to-frequency  (V/F)  converter  circuit  to  do 
time-averaged  integration;  and,  finally,  a  computer  program  to  calculate  PFs. 


DEHP  RESPIRATOR  QUANTITATIVE  FIT  TEST  INSTRUMENT 

The  Dynatech  Frontier  Corporation's  DEHP  RQFT  Instrument  (Model  FE259H) 
and  Test  Booth  (Model  FE222)  have  been  adapted  and  modified  by  USAFSAM  to  mea¬ 
sure  the  PF  in  the  respiratory  and  eye  compartments  of  aircrew  and  qroundcrew 
chemical  defense  respirators  [4].  This  instrument  generates  a  polydi spersed 
liquid  aerosol  of  di -2-ethyl hexyl  phthalate  as  the  challenge  atmosphere.  The 
concentration  of  the  challenge  atmosphere  in  a  respirator  is  quantified  using 
a  five-decade,  linear-forward-light-scattering  photometer;  and  the  result  is 
displayed  on  a  strip-chart  recorder.  This  technique  allows  protection  factors 
as  high  as  106  to  be  calculated. 


Instrument  Description 

Illustrated  in  Figure  1  are  the  primary  components  used  in  the  USAFSAM 
modified  version  of  the  Dynatech  Frontier  Corporation's  (Model  FE2 59H)  DEHP 
RQFT  instrument  [4],  The  two  fundamental  systems  constituting  the  DEHP  RQFT 
instrument  are:  the  aerosol  generator,  and  light-scattering  photometer. 


Generation  of  the  DEHP  Challenge  Aerosol  Test  Booth  Atmosphere 

The  aerosol  generating  system  consists  of  a  source  of  laboratory  com¬ 

pressed  air,  pressure  regulator  and  gauge,  aerosol  impactor,  generator,  reser¬ 
voir,  mixinq  chamber,  and  dilution  air  blower  (Fig.  1).  The  DEHP  challenge 
aerosol  test  booth  atmosphere  is  generated  by  atomizing  the  liquid  DEHP  from 
the  reservoir  of  the  aerosol  generator. 

The  aerosol  generator  is  supplied  with  a  source  of  filtered  and  dried 

compressed  laboratory  air  that  is  requlated  to  be  in  the  ranqe  from  2-6  psiq. 
The  aerosol  generator  is  a  Naval  Research  Laboratory  (NRL )  Model  II  l  de¬ 
sign  [38].  When  the  laboratory  compressed  air  enters  the  aerosol  generator,  a 
coarse  DEHP  aerosol  is  produced  by  hiqh-velocity  air  jets  that  shear  off  drop¬ 
lets  of  the  liquid  DEHP.  This  coarse  aerosol  enters  the  impactor.  The  round 

jet  impactor  design  is  used  to  produce  a  DEHP  aerosol  with  a  mass  median  aero¬ 

dynamic  diameter  (MMAD)  particle  size  that  ranges  from  0.5  to  0.6  urn  [4,  39]. 
The  concentration  of  the  impactor' s  refined  DEHP  aerosol  is  controlled  in  the 
mixing  chamber  with  a  regulated  air  supply  provided  by  the  dilution  air 
blower.  The  result  of  the  generation,  impaction,  mixinq,  and  dilution  pro¬ 
cesses  is  a  DEHP  test  booth  aerosol  challenge  atmosphere  whose  particle  size 
and  concentration  are,  respectively,  0.5  -  0.6  um  and  25  mg/m3  ±  5  mg/m3. 
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GENERATOR 


Measurement  of  DEHP  Respirator  Leakage 


When  evaluating  the  performance  of  a  full-face  chemical  defense  respira¬ 
tor,  a  primary  concern  is  the  penetration  of  the  DEHP  challenge  atmosphere 
into  the  visual  compartment.  To  make  this  measurement,  an  aluminum  tube, 
approximately  1  in.  (2.54  cm)  long  and  0.25  in.  (0.635  cm)  i.d.,  is  fitted  and 
sealed  to  the  respirator's  visor  so  that  the  distance  from  the  cornea  to  the 
open  end  of  the  aluminum  sampling  tube  (interior  to  the  respirator's  visor)  is 
not  greater  than  0.8  in.  (2  cm)  [40].  Shown  in  Figure  2  is  the  aluminum  sam¬ 
pling  tube  developed  and  used  at  USAFSAM;  and,  in  Figure  3,  an  MBU-13/P  air¬ 
crew  CW  respirator  fitted  with  the  sampling  tube. 

The  concentration  of  the  DEHP  challenge  atmosphere  that  has  leaked  into 
the  visual  compartment  of  the  respirator  is  determined  by  continuously  cam¬ 
pling  gas  from  this  site,  and  analyzing  this  gas  with  the  1  inear-forward- 
1 ight-scattering  photometer.  Sampling  is  accomplished  by  attaching  one  end  of 
a  short  length  of  Tygon  tubing  to  the  open  end  of  the  aluminum  sampling  tube 
(exterior  to  the  respirator's  visor),  and  then  passing  the  opposite  end  of  the 
plastic  tubing  through  a  sealed  port  in  the  test  booth  (Fig.  1).  A  small 
capacity  sampling  pump  is  connected  to  the  open  end  of  the  Tygon  tubing  to 
draw  a  gas  sample  from  the  respirator's  visual  compartment  (constant  3-liter/ 
min  flow).  The  3-liter/min  sampling  rate  was  selected  to  minimize  negative 
pressure  within  the  respirator's  visual  compartment;  i.e.,  a  greater  sampling 
rate  would  tend  to  exaggerate  the  penetration  measurement  [4,  20], 

Scattered-Light  Photometer  Detector 

A  five-decade,  1  inear-forward-1 ight-scattering  photometer  is  used  to 
analyze  the  DEHP  aerosol  sampled  from  the  interior  of  the  respirator.  The 
photometer  measures  aerosol  concentration  by  detecting  the  intensity  of  light 
scattered  by  the  aerosol  particles  that  are  drawn  through  the  light-scattering 
chamber  of  the  photometer.  The  scattered-light  intensity  is  converted  to  an 
electrical  current  which  is  electronically  processed  and  displayed  on  a  cali¬ 
brated  meter,  as  well  as  on  a  linear  strip-chart  recorder  [4,  20].  A  func¬ 
tional  diagram  of  a  light-scattering  photometer  is  shown  in  Figure  4  [4,  20, 
41,  42]. 

To  develop  a  complete  understanding  of  the  proposed  method  to  automate 
the  calculation  of  protection  factors,  a  review  of  the  scattered-light  photom¬ 
eter's  signal  generating  process  is  presented  next. 

The  incident  light  intensity  (I.),  generated  by  a  high-intensity  fil¬ 
ament  lamp,  is  focused  into  the  light-scattering  chamber  (Fig.  4).  When  a 
sample  of  air  containing  DEHP  aerosol  is  introduced  into  the  1 igtit-scattering 
chamber,  a  fixed  amount  of  the  incident  light  intensity  (I.)  is  absorbed  (I  ) 
in  direct  proportion  to  the  concentration  of  the  DEHP  aeVosol .  Thus,  tfle 
scattered-light  intensity  (I  )  can  be  expressed  as: 


r 


The  scattered-light  intensity  (I  )  is  focused  on  a  photomultiplier  tube  (PMT) 
which  converts  the  light  into  as corresponding  electrical  current.  The  rela¬ 
tive  magnitude  of  the  electrical  current  produced  by. the  PMT  is  a  function  of 
the  high-voltage  power  supply  (Fig.  4).  Thus,  the  sensitivity  of  the  PMT,  for 
a  given  DEHP  aerosol  sample  concentration,  can  be  established  by  varying  the 
magnitude  of  the  high-voltage  power  supply.  A  current-to-vol tage  operational 
amplifier  circuit  is  used  to  produce  a  voltage  signal  compatible  with  the 
strip-chart  recorder.  The  current-to-vol tage  conversion  process  is  determined 
by  the  value  of  the  feedback  resistance  (R)  (Fig.  4).  Thus,  selection  of  R 
determines  the  range  and  magnitude  of  the  voltage  signal  that  can  be  displayed 
on  the  strip-chart  recorder.  One  of  the  important  elements  of  the  light¬ 
scattering  photometer  is  the  stray  light  circuit.  A  component  of  the  scat¬ 
tered  light  (I  )  is  due  to  undesirable  reflections,  imperfect  optics,  contam¬ 
ination  of  thes system,  and  the  PMT's  dark  current  response.  Thus,  the  light 
incident  on  the  PMT  is  composed  of  a  component  due  to  scattering  by  the 
sampled  DEHP  aerosol ,  and  a  stray  or  undesirable  component.  To  assure  that 
the  strip-chart  recorder  only  displays  the  voltage  signal  that  corresponds  to 
the  DEHP  aerosol  concentration,  it  is  necessary  to  compensate  for  the  stray 
light  component.  The  compensation  process  is  implemented  by  purging  the 
1  ight-scattering  chamber  of  DEHP  aerosol  with  clean  ambient  air  via  a  high- 
efficiency  filter  in  the  sampling  system  (Fig.  1).  The  stray  light  component 
is  eliminated,  by  an  operator  adjustment  of  the  instrument's  stray  light  cir¬ 
cuit  control,  to  produce  a  zero  reading  on  the  instrument's  front  panel 
meter.  The  effect  of  the  stray  light  compensating  adjustment  is  to  produce  an 
opposite  current  signal  (i  . )  which,  when  added  to  the  PMT's  current  signal 
( i PMT ) *  results  in  a  net  current  signal  of  zero  magnitude.  Finally,  the 
current-to-voltage  operational  amplifier  yields  a  voltage  signal  of  zero  mag¬ 
nitude  for  a  zero  magnitude  input  current  signal. 


Calibration  Procedure 

The  calibration  procedure  used  for  the  DEHP  RQFT  instrument  is  developed 
and  discussed  in  a  technical  note  included  as  Appendix  A. 


CONVENTIONAL  PROTECTION  FACTOR  CALCULATIONS 

A  general  discussion  of  a  protection  factor  (PF)  is  presented  here,  along 
with  a  description  of  the  manual  calculation  method.  With  this  information, 
the  reader  can  evaluate  the  respective  advantages  and  di sadvantages  of  the 
manual  and  automated  methods  of  calculating  PF's. 


Protection  Factor 

A  respiratory  protection  factor  is  defined  as  the  ratio  of  the  ambient 
challenge  atmosphere  concentration  external  to  the  respiratory  protective  de¬ 
vice  to  that  of  the  sampled  leakage  concentration  drawn  from  the  interior  of 
the  device  [5,  7,  9-14,  20,  25,  27,  30,  34-37]. 
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EXTERIOR  OF  RESPIRATOR) 


SAMPLING  PORT  (INTERIOR  OF 


•%ir 


Formally,  this  relationship  can  be  expressed  as: 


Ca 

PF  =  _i  (2) 

cs 

where 

PF  =  protection  factor 

C =  ambient  challenge  atmosphere  concentration 

a 

C$  =  sampled  leakage  concentration. 

Note  that  a  PF  is  a  dimensionless  quantity.  In  the  ratio,  the  units  of  con¬ 
centration  in  the  numerator  and  denominator  cancel  (assuming  that  C  and  C 
were  measured  and  appropriately  converted  to  a  consistent  set  of  concentration 
units;  e.q.,  part  per  million,  micrograms  per  liter,  percent,  etc.). 

Also  important  in  respirator  quantitative  fit  testing  is  the  calculation 
of  an  average  protection  factor  (PF).  This  calculation  becomes  important  when 
the  subject  being  evaluated  performs  a  series  of  breathing  and  head  movement 
exercises,  each  of  which  is  designed  to  stress  the  face-to- facepiece  seal.  In 
mathematical  terms: 


n 

I 

1=1  PFi 

PF  =  -  (3) 

n 


where 

PF  =  average  protection  factor  for  n  exercises 

i  =  the  ith  exercise,  1  *  1,  2,  3,  ...»  n 

PF  =  protection  factor  associated  with  a  particular  exercise. 

Similarly,  an  average  weighted  protection  factor  can  be  calculated  when 
greater  or  lesser  degrees  of  relative  importance  are  assigned  to  individual 
exercise  PF's.  The  most  common  example  is  that  in  which  each  exercise  in  an 
exercise  protocol  is  performed  for  a  different  length  of  time;  in  this  case, 
time  would  become  the  weighting  factor.  For  completeness,  a  mathematical 
expression  for  an  average  weighted  PF  is: 
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(4) 


l  “<PF< 


where 


PFw  =  weighted  average  protection  factor  for  n  exercises 
th 

i  =  the  i  exercise,  i  =  1,  2,  3,  ....  n 
w.  =  weighting  factor  for  the  i^*1  exercise 

PF  =  protection  factor  associated  with  a  particular  exercise. 


Manual  Method  of  Calculating  a  Protection  Factor 

The  DEHP  RQFT  instrument,  as  well  as  most  of  the  similar  systems,  does 
not  display,  record,  or  calculate  PF's.  The  instrument  does,  however,  record 
and  display  the  relative  penetration  (leakage)  of  the  challenge  atmosphere 
into  a  respirator's  facepiece.  The  calculation  of  PF's  for  the  DEHP  RQFT 
instrument  can  be  explained  through  an  example.  Shown  in  Figure  5  is  a  typi¬ 
cal  guantitative  fit  test  strip-chart  recording  that  includes  the  preliminary 
calibration  and  penetration  information  for  a  set  of  six  exercises: 

a.  normal  breathing  (NR) 

b.  deep  breathing  (DR) 

c.  talking  (T) 

d.  turning  head  side-to-side  with  deep  breathing  (TH) 

e.  moving  head  up-and-down  with  deep  breathing  (UD) 

f.  facial  grimacing  (FG). 

The  analysis  of  Figure  5  begins  at  the  bottom  of  the  strip-chart  record¬ 
ing.  The  first  section  of  information  uniquely  identifies  the  particular  sub¬ 
ject  and  type  of  respirator. 

The  next  section  contains  the  instrument  calibration  data  (a  steady-state 
response  for  upstream  sampling  of  the  ambient  DEHP  challenge  aerosol  concen¬ 
tration  in  the  test  booth  with  the  sampling  range  switch  in  the  100.0  percent 
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Figure  5.  Strip-chart  recording  of  a  di-2-ethylhexyl  phthalate  respirator  quantitative  fit  test. 


position;  a  steady-state  baseline  response  for  sampling  in  the  clear  mode  with 
the  sampling  range  switch  in  the  0.01  percent  position).  The  subject  wearing 
a  test  respirator  enters  the  test  booth  and  breathes  normally  for  about  5  min¬ 
utes  to  establish  a  baseline  in  the  challenge  atmosphere.  The  subject  then 
performs  the  six  exercises  in  sequence,  each  for  a  predetermined  time  period. 
After  the  exercises  are  completed,  and  before  the  subject  exits  the  test 
booth,  a  final  check  is  made  on  the  baseline  (clear  sampling  mode)  and  ambient 
challenge  (upstream  sampling  mode)  concentration. 

The  cyclic  nature  of  the  recorder's  trace  during  the  exercises  is  a 
direct  function  of  the  subject's  breathing  cycle.  Figure  5,  for  instance, 
reveals  that  the  slight  negative  pressure  created  in  the  facepiece  during 
inhalation  increases  the  penetration  of  the  challenge  atmosphere.  Exhalation, 
on  the  other  hand,  creates  a  slightly  positive  pressure,  and  acts  to  reduce 
the  penetration  of  the  challenge  atmosphere.  Because  samples  are  drawn  from 
the  visual  cavity  of  chemical  defense  respirators,  absorption  of  the  DEHP 
aerosol  by  the  lungs  is  negligible.  Therefore,  respirator  performance  is 
based  on  the  average  of  the  penetration  peaks  and  valleys  for  each  of  the 
exercises.  Finally,  the  overall  respirator  performance  is  based  on  the  arith¬ 
metic  or  time-weighted  average  of  the  exercise  PF's. 


Manual  Strip-Chart  Recorder  Data  Reduction  and  Analysis 

Manual  strip-chart  recorder  data  reduction  and  analysis  can  be  accom¬ 
plished  with  a  straight  edge,  pencil,  and  calculator.  The  analysis  begins  by 
drawing  a  series  of  dashed  lines  through  the  average  of  the  strip-chart 
recording  peaks  and  valleys  associated  with  the  individual  calibration  and 
exercise  leak  test  measurements.  The  average  of  the  peaks  and  valleys  (loca¬ 
tion  of  their  midpoint)  is  generally  deduced  visually.  Table  1  is  a  summary 
of  the  "visual  averages"  identified  for  the  strip-chart  recording  shown  in 
Figure  5. 

From  the  discussion  in  the  previous  section,  an  average  PF  for  a  particu¬ 
lar  exercise  can  be  expressed  as: 


Average  Corrected  Test  Booth  Ambient  Chal  lenge  Concentration  (as  a  Percent) 
Average  Corrected  Respirator  Sampled  Leakage  (as  a  Percent) 


The  average  corrected  test  booth  ambient  challenge  concentration  (as  a 
percent)  is  given  by: 


|-(C,  *  Cf)(Kcc)  (B,  ♦  Bf)(K„c)- 


cor 


(6) 
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where 


C  =  average  corrected  test  booth  ambient  challenge  con- 
cor  centration  (as  a  percent) 

Ci  =  initial  ambient  test  booth  challenge  concentration 

Cf  =  final  ambient  test  booth  challenge  concentration 

K  =  instrument's  sampling  range  switch  position  (typically 
cc  100.0  percent) 

B.  =  initial  baseline  concentration 

i 

Bf  a  final  baseline  concentration 


K  =  instrument's  sampling 
bc  10.0-0.01  percent) 

TABLE  1.  QUANTITATIVE  FIT 

Parameter 

range  switch  position 

• 

TEST  STRIP-CHART  RECORD 

Average  strip-chart 
average  value  for 
a  0-100  scale 

(typical ly 

Samp  1 1 ng  range 
switch  position 
as  a  percent 

Calibration  ambient  test  booth  challenge  concentration  tC^ ) 

95.0 

100.0 

Calibration  baseline  concentration  (B  ) 

c 

5.2 

0.01 

Initial  ambient  test  booth  challenge  concentration  (C( 

) 

94.25 

100.0 

Initial  baseline  concentration  (B() 

5.2 

0.01 

Normal  breathing  (RE  ) 

No 

5.5 

0.01 

Deep  breathing  (RE^.) 

UD 

1.0 

0.01 

Turning  head  slde-to-slde  with  deep  breathing  (RE.^) 

2.4 

0.01 

Moving  head  up-and-down  with  deep  breathing  (RE^) 

2.2 

0.01 

Talking  (RE^.) 

1.9 

0.01 

Facial  grimacing  (RE  ) 

rfa 

1.5 

0.01 

Final  baseline  concentration  (B^) 

5.25 

0.01 

Final  ambient  test  booth  challenge  concentration  (Cf> 

95.5 

100.0 

The  average  corrected  respirator  sampled  leakage  (as  a  percent),  for  a 
particular  exercise.  Is  given  by: 


RE(cor,  x) 


(REx)(KE) 


(B1  +  BfMKbJ 
2 


(7) 


where 

RE,  %  =  average  corrected  respirator  sampled  leakage  (as  a  per- 
'co  *  x'  cent)  for  a  particular  exercise  x,  for  x  =  {NB,  DB, 
TH,  UD,  T,  or  FG} 

RE  =  average  respirator  sampled  leakage  determined  from  a 
x  strip-chart  recording  for  a  particular  exercise  x, 
for  x  =  (NB,  DB,  TH,  UD,  T,  or  FG} 

KE  =  instrument's  sampling  range  switch  position  used  during 
the  exercise  measurement  (typically  10.0-0.01  per¬ 
cent) 

B,  =  initial  baseline  concentration 

Bf  =*  final  baseline  concentration 

k.  =  instrument's  sampling  range  switch  position  (typically 
10.0-0.01  percent). 


Thus,  Equation  (5)  can  be  rewritten  as: 


PFx 


ccor 

RE(cor,  x) 


(8) 


where 


PF  =  protection  factor  for  a  particular  exercise  x,  for 
x  x  =  {NB,  DB,  TH,  UD,  T,  or  FG} 
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C  =  average  corrected  test  booth  ambient  challenge  concen¬ 
tration  (as  a  percent) 

RE,  v  =  average  corrected  respirator  sampled  leakage  (as  a  per- 
'  ’  '  cent)  for  a  particular  exercise  x,  for  x  =  {NB,  DB, 

TH,  UD,  T,  or  FG } . 


The  results  for  the  data  In  Table  1  (derived  from  the  strip-chart 
recording  in  Fig.  5)  are  shown  in  Table  2. 


TABLE  2.  QUANTITATIVE  FIT  TEST  PROTECTION  FACTORS  RECORD 
Exercise  PF 


Normal  breathing  (NB) 

1.0X106a 

Oeep  breathing  (DB) 

2.DX105 

Turning  head  side-to-side  with  deep  breathing  (TH) 

5.1X104 

Moving  head  up-and-down  with  deep  breathing  (UD) 

5.7X104 

Talking  (T) 

6.9X104 

Facial  grimacing  (FG) 

9.5X104 

5 

Overall  average  PF  =  2.5X10 

aN0TE:  Protection  factors  (PF)  calculated  to  be  greater 

than  1.0X106  are  always  reported  as  1.0X106, 
because  the  instruments'  sensitivity  is 
limited  to  measuring  PF's  of  1.0X106. 


Although  the  strip-chart  i  ;corder  data  can  be  interpreted  without  signif¬ 
icant  mathematical  rigor,  this  exercise  can  be  exasperating  when  more  than  a 
dozen  subjects  are  involved.  Having  analyzed  a  large  volume  of  tests,  I  have 
developed  an  alternative  method  that  utilizes  the  USAFSAM  VAX  11/780  computer 
to  perform  these  calculations.  This  automated  scheme  yields  a  data  reduction 
turn-around  time  of  approximately  4  min  per  subject  vs.  20  min  per  subject  by 
manual  calculation. 


USING  A  VOLTAGE-TO-FREQIIENCY  CONVERTER  CIRCUIT 
TO  DO  TIME-AVERAGED  INTEGRATION 

The  basic  function  of  a  vol tage-to-frequency  (V/F)  converter  is  to  trans¬ 
form  a  variable  direct-current  voltage  (typically  0-10  volts)  into  a  pulse 
train  whose  repetition  rate  (frequency)  is  a  direct  linear  function  of  the 
input  voltage.  An  excellent  technique  for  precisely  integrating  an  analog 
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voltage  signal  is  simply  to  add  a  counter  stage  to  the  output  of  a  V/F 
converter  and  accumulate  the  pulse  count.  By  accumulating  the  V/F  converter 
output  pulses,  the  "area  under  the  input  voltage  curve,"  or  integral,  is 
cal cul ated. 

The  attractive  features  of  the  V/F  integration  technique  stimulated  the 
development  and  adaptation  of  an  integrator  design  that  is  currently  used  with 
the  USAFSAM  RQFT  sodium  chloride  instrument  [37]. 


Description  of  the  Voltage-to-Frequency  (V/F)  Integrator 

A  comprehensive  theoretical  description  and  design  of  a  V/F  integrator 
(Fig.  6)  has  been  reported  by  this  author  in  a  recent  publication  [37].  The 
same  design  has  been  adapted,  without  modification,  for  use  with  the  DEHP  RQFT 
instrument.  However,  because  the  V/F  integrator  requires  an  input  analog 
direct-current  voltage  signal  spanning  approximately  0-10  volts,  and  since  the 
current-to-vol tage  operational  amplifier  circuit  in  the  DEHP  RQFT  instrument 
generates  an  analog  output  voltage  signal  spanning  0-100  mV,  a  buffer  power 
amplifier  (Fig.  7)  was  designed  to  make  the  RQFT  instrument's  output  signal 
compatible  with  the  integrator.  The  optimum  gain  of  the  buffer  power  ampli¬ 
fier  was  empirically  found  to  range  between  50  and  70.  This  gain  span  ampli¬ 
fied  the  DEHP  RQFT  instrument’s  photometer  signal  to  range  approximately  0  to 
6+1  volts;  at  the  same  time,  the  amplifier's  stability  was  maximized,  and 
the  noise  was  minimized. 


Adaptation  of  the  V/F  Integrator  to  the 
DEHP  RQFT  Instrument 

Adaptation  of  the  V/F  integrator  to  the  DEHP  RQFT  instrument  is  quite 
simple.  The  integrator's  utility  and  compatibility  can  be  appreciated  by  ana¬ 
lyzing  Figure  8.  The  buffer  power  amplifier  is  connected  to  the  DEHP  RQFT 
instrument  at  two  readily  accessible  terminals,  and  a  single  connection  is 
made  between  the  amplifier's  output  and  V/F  integrator's  input. 


Data  Collection  with  the  DEHP  RQFT  Instrument  and  V/F  Integrator 

The  collection  of  RQFT  data  for  subsequent  PF  calculations  is  a  simple 
process  when  the  integrator  is  used.  The  data  sheets  used  for  this  purpose 
are  shown  in  Figures  9  and  10.  After  the  DEHP  RQFT  instrument  has  reached  its 
operating  equilibrium  (45  min),  and  the  buffer  power  amplifier  and  V/F  inte¬ 
grator  electronics  have  stabilized  (30  min),  the  test  booth’s  challenge  atmo¬ 
sphere  concentration  is  checked;  then  the  conventional  procedure  for  setting 
the  DEHP  instrument's  photometer  gain  and  stray  light  potentiometers  is  accom¬ 
plished.  After  these  adjustments  are  made,  a  subject  can  be  tested. 

After  the  subject  enters  the  test  booth  and  makes  the  appropriate  connec¬ 
tions  to  the  sampling  line,  breathing  gas  supply,  and  intercom,  the  subject’s 
name,  type  of  respirator,  date,  and  time  are  recorded  on  the  appropriate  data 
collection  form  (Figs.  9  and  10).  The  average  initial  voltage  associated  with 
-  the  maximum  test  booth  challenge  concentration  measurement  is  made. 
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DSAFSAM  voltaqe-to-f requency  integrator 


igure 


DEHP  RQFT  DATA 


SU8JECT  NAME: 

TYPE  OF  RESPIRATOR: 
DATE  TESTED: 

TIME  TESTED: 


DEHP  RQFT  CALIBRATION  DATA: 


CALIBRATION  PARAMETER 


AVERAGE  INITIAL  VOLTAGE 
ASSOCIATED  WITH  THE  MAXIMUM 
CHAMBER  CHALLENGE  CONCENTRATION 

AVERAGE  INITIAL  VOLTAGE 
ASSOCIATED  WITH  THE  BASELINE 
OF  THE  DEHP  RQFT  INSTRUMENT 

AVERAGE  FINAL  VOLTAGE 
ASSOCIATED  WITH  THE  BASELINE 
OF  THE  DEHP  RQFT  INSTRUMENT 

AVERAGE  FINAL  VOLTAGE 
ASSOCIATED  WITH  THE  MAXIMUM 
CHAMBER  CHALLENGE  CONCENTRATION 


SAMPLING  RANGE  AVERAGE 

SWITCH  POSITION  VOLTAGE 

(AS  A  PERCENT)  (IN  VOLTS) 


EXERCISE  INTEGRATOR  COUNT  INFORMATION: 


EXERCISE 

INTEGRATOR 

TIME  PER I 00 

SAMPLING  RANGE 

COUNT 

(IN  SECONDS) 

SWITCH  POSITION 
(AS  A  PERCENT) 

NORMAL  8REATHING  STRAIGHT  AHEAD 
DEEP  BREATHING  STRAIGHT  AHEAO 
TALKING 

SIOE-TO-SIOE  HEAD  MOVEMENTS 
(DEEP  BREATHING) 

UP-ANO-OOWN  HEAD  MOVEMENTS 
(DEEP  BREATHING) 

FACIAL  GRIMACING 


Figure  9.  Oi -2-ethyl hexyl  phthalate  RQFT  data  collection  form  No.  1. 
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0£HP  RQFT  OATA 


SU8JECT  NAME: 

TYPE  OF  RESPIRATOR: 
DATE  TESTED: 

TIME  TESTED: 


DEHP  RQFT  CALIBRATION  DATA: 

CALIBRATION  PARAMETER  SAMPLING  RANGE  AVERAGE 

SWITCH  POSITION  VOLTAGE 

(AS  A  PERCENT)  (IN  VOLTS  I 


AVERAGE  INITIAL  VOLTAGE 
ASSOCIATED  WITH  THE  MAXIMUM 
CHAMBER  CHALLENGE  CONCENTRATION 

AVERAGE  INITIAL  VOLTAGE 
ASSOCIATED  WITH  THE  BASELINE 
OF  THE  DEHP  RQFT  INSTRUMENT 

AVERAGE  FINAL  VOLTAGE 
ASSOCIATED  WITH  THE  BASELINE 
OF  THE  DEHP  RQFT  INSTRUMENT 

AVERAGE  FINAL  VOLTAGE 
ASSOCIATED  WITH  THE  MAXIMUM 
CHAMBER  CHALLENGE  CONCENTRATION 

EXERCISE  INTEGRATOR  COUNT  INFORMATION: 

EXERCISE  INTEGRATOR  TIME  PERIOD  SAMPLING  RANGE 

COUNT  (IN  SECONDS)  SWITCH  POSITION 

(AS  A  PERCENT) 


NORMAL  BREATHING  STRAIGHT  AHEAD 

NORMAL  BREATHING  LEFT 

NORMAL  BREATHING  RIGHT 

NORMAL  BREATHING  OOWN 

NORMAL  8REATHING  UP 

DEEP  BREATHING  STRAIGHT  AHEAD 

DEEP  BREATHING  LEFT 

DEEP  8REATHING  RIGHT 

DEEP  BREATHING  DOWN 

DEEP  BREATHING  UP 

TALKING 

FACIAL  GRIMACING 
SIOE-TO-SIOE  HEAO  MOVEMENTS 
(NORMAL  BREATHING) 

UP-ANO-DOWN  HEAD  MOVEMENTS 
(NORMAL  8REATHING) 

S IDE- TO- SIDE  HEAO  MOVEMENTS 
(OEEP  BREATHING) 

UP-ANO-OOWN  HEAD  MOVEMENTS 
(DEEP  BREATHING) 


Figure  10.  Oi -2-ethyl hexyl  phthalate  RQFT  data  collection  form  No.  2. 
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This  measurement  is  readily  accomplished  by  readinq  the  diqital  voltmeter 
on  the  V/F  inteqrator's  front  panel  (Fiq.  6).  This  steady-state  voltaqe  and 
the  associated  samplinq  ranqe  switch  position  are  recorded  on  the  appropriate 
data  collection  form  (Fiqs.  9  and  10).  Next,  the  averaqe  initial  voltaqe 

associated  with  the  baseline  of  the  DEHP  RQFT  instrument  is  made  and  recorded 
alonq  with  the  correspondinq  samplinq  ranqe  switch  position. 

Because  the  output  siqnal  of  the  DEHP  RQFT  instrument  is  biased  with  a 
low-level  noise  component,  the  integrator  must  be  adjusted  to  compensate  for 
the  noise  before  the  exercises  are  initiated.  The  degree  of  compensation  is 

accomplished  by  so  rotating  the  integrator's  PMT  noise  offset  voltaqe 

adjustment  potentiometer  (Fig.  6)  that  a  setting  is  found  where  the 
integrator  count  stops  accumulating.  This  adjustment  is  accomplished 
immediately  after  having  made  the  average  initial  voltage  measurement 
associated  with  the  baseline  of  the  DEHP  RQFT  instrument.  The  exercise 
protocol  can  now  be  initiated. 

After  each  exercise  is  accomplished,  the  following  information  is 

recorded:  the  integrator  count  on  the  6-digit  light-emitting  diode  (LED) 
display  (Fig.  6);  the  time  period  on  the  4-digit  LED  display  (Fiq.  6);  and  the 
RQFT  instrument's  samplinq  ranqe  switch  position.  The  elapsed-time  4-diqit 
LED  display  (Fig.  6)  is  used  to  initiate  and  terminate  each  exercise.  Before 
proceeding  to  the  next  exercise,  the  integrator  displays  are  reset  to  zero 
(Fiq.  6).  After  the  exercise  measurements  have  been  made,  the  averaqe  final 
voltaqe  associated  with  the  baseline  of  the  DEHP  RQFT  instrument,  and  the 
samplinq  ranqe  switch  position  are  recorded.  The  facts  recorded  are  the 
averaqe  final  voltaqe  associated  with  the  maximum  test  booth  challenqe 
concentration,  and  the  sampling  ranqe  switch  position. 

After  all  subjects  have  been  tested,  the  user  proceeds  to  a  computer  ter¬ 
minal  and  enters  the  information  from  the  data  collection  forms.  The  inter¬ 
active  PF  calculation  program  described  in  the  next  section  is  used  to  process 
the  RQFT  data. 


COMPUTER  PROGRAM  TO  CALCULATE  PROTECTION  FACTORS 

The  primary  advantages  in  using  the  integrator  and  computer  algorithm  to 
process  the  raw  RQFT  data  are  threefold.  Fi  rst,  the  V/F  integrator  has  the 
ability  to  resolve  very  small  voltage  fluctuations  that  are  characteristic  of 
the  DEHP  RQFT  photometer's  response  for  the  exercises  performed.  The  sensi¬ 
tivity  of  the  integrator  is  1000  counts/volt*sec  [37].  For  a  1-sec  interval, 
the  integrator  can  resolve  0.001  volts  (1  mV).  The  human  eye,  for  instance, 
can  only  resolve  one  minor  division  on  the  strip-chart  recording  paper  used 
with  the  instrument;  that  is,  the  human's  resolution  capability,  on  a 
comparable  basis,  is  approximately  0.1  volts.  Thus,  a  more  accurate  averaqe 
respirator  leakage  measurement  can  be  made  with  the  V/F  integrator,  because  it 
offers  two  orders  of  magnitude  resolution  improvement.  Second,  the  use  of  the 
V/F  integrator  eliminates  human  error  and  variability  associated  with  readinq 
and  interpolating  strip-chart  recordings.  Thi rd,  the  V/F  integration  scheme 
permits  RQFT  data  to  be  reduced  in  approximately  one-fifth  the  time  required 
for  manual  calculations  (4  min  vs.  20  min). 


26 


Discussion  of  the  Computer  Algorithm  to  Calculate  Protection  Factors 


The  calculation  of  a  respirator's  PF  is  readily  accomplished  usinq  Equa¬ 
tions  (5-8).  Since  a  one-to-one  correspondence  exists  between  the  scattered 
light  photometer's  output  voltage  and  the  sampled  concentration  of  DEHP,  Equa¬ 
tion  (6)  can  be  rewritten  as: 


(VC.  .  VCf)(Kcc)  _  (VB,  .  »Bf)(Kbc) 
2  2 


where 

C  =  average  corrected  test  booth  ambient  challenge  concentration 
c  (as  a  percent) 

VC.  =  average  initial  voltage  response  associated  with  the  test  booth 
challenge  concentration  (corresponds  to  C^ ) 

VC,  =  average  final  voltage  response  associated  with  the  test  booth 
!  challenge  concentration  (corresponds  to  C^) 

K  =  instrument's  sampling  range  switch  position  (typically 
*"  100.0  percent) 

VB.  *  average  voltage  response  associated  with  the  initial  baseline 
concentration  (corresponds  to  ) 

VBf  =  average  voltage  response  associated  with  the  final  baseline 
concentration  (corresponds  to  Bf) 

K.  =  instrument's  sampling  range  switch  position  (typically  10.0- 
H'  0.01  percent). 

The  integrator  count— the  source  of  data  used  to  calculate  a  respirator 
leakage  concentration — is,  in  reality,  a  time-averaged  voltage  response.  This 
fact  can  be  derived  through  the  following  analyses: 

a.  Integrator  sensitivity  is  1000  counts/volt*sec. 

b.  Each  exercise  is  performed  for  a  predetermined  length  of  time;  for 

example,  10  sec 

c.  The  integrator  count  (IC)  value  recorded  for  a  particular  exercise 

is  actually  the  time-averaged  area  under  the  strip-chart 
recorder  response  (refer  to  Fig.  5). 
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Therefore, 


IC  (counts)  =  (1000  counts/volt*sec) • (time  in  sec)(V  volts)  (10) 


or,  rearranging  Eguation  10  yields 

—  (IC  counts) (volt*sec) 

V  volts  =  -  .  (11) 

(1000  counts) (time  in  sec) 


Thus, 


V  volts  = -  (12) 

(1000) (time  in  sec) 


in  which  V  volts  is  the  time-averaged  voltage  for  a  particular  exercise. 

Thus,  since  a  one-to-one  correspondence  exists  between  the  scattered- 
light  photometer's  output  voltage  and  the  sampled  concentration  of  DEHP,  Equa¬ 
tion  (7)  can  be  rewritten  as: 


(VB.  +  VB.)(K.  ) 

RE(cor,  x)  '  (VREx)<KE>  -  — - <13> 


where 


RE,  x  =  average  corrected  respirator  sampled  leakage  (as  a  per- 

'  ’  cent)  for  a  particular  exercise  x,  for  x  =  (NR,  0B, 

TH,  UO,  T,  or  FG( 

VRE  =  average  voltage  response  associated  with  the  average 
respirator  sampled  leakage  determined  from  the  inte¬ 
gration  count  for  a  particular  exercise  x,  for  x=(NB, 
DB,  TH,  1)0,  T,  or  FG} 

KE  =  instrument's  sampling  range  switch  position  used  during 
the  exercise  measurement  time  period  (typically  10.0- 
0.01  percent) 

VB..  =  average  voltage  response  associated  with  the  initial 
baseline  concentration  (corresponds  to  B. ) 


VBf  =  average  voltage  response  associated  with  the  final  base¬ 
line  concentration  (corresponds  to  Bf) 

K.  =  instrument's  sampling  range  switch  position  (typically 
10.0-0.01  percent). 


A  computer  program  has  been  written  to  accept  the  DEHP  RQFT  instrument's 
calibration  voltages,  exercise  integrator  count  data,  time  duration  for  each 
exercise,  and  the  associated  range  switch  positions.  The  program  calculates: 
the  corrected  test  booth  ambient  challenge  concentration;  the  corresponding 
time-averaged  voltage  associated  with  each  exercise;  the  corrected  respirator 
sampled  leakage  for  a  particular  exercise;  an  exercise  protection  factor;  an 
arithmetic  average  protection  factor  for  all  exercises;  and,  finally,  a  time- 
weighted  average  protection  factor  for  all  exercises.  Equations  (3-5)  and 
(8-13)  are  used  in  the  computer  program  to  accomplish  the  calculations. 

The  corresponding  V/F  integrator  data  associated  with  Figure  5  and 
Table  1  are  shown  in  Table  3;  and  the  computer  calculated  results,  in 
Table  4.  As  shown  by  these  illustrations,  the  results  for  manual  and  computer 
calculations  are  very  similar. 


Discussion  of  the  Computer  Program  for  Processing 
the  DEHP  RQFT  Integrator  Data 

A  single  computer  program,  named  DEHPRQFT.FOR,  is  used  to  process  the 
exercise  data  collected  with  the  V/F  integrator.  The  purpose  of  DEHPRQFT.FOR 
is  to  use  the  RQFT  information  collected  on  the  RQFT  data  form  (Figs.  9  or  10) 
and  calculate  a  set  of  PF's.  The  results  of  this  program  are  stored  on  two 
disk  files: 

1.  DATAX.XXX  contains  the  initial  calibration  data,  the  test  identi¬ 

fication  data,  the  time  period  for  each  exercise,  a  listing  of 
the  exercises  performed,  the  associated  integrator  count 
values,  and  the  sampling  range  switch  positions. 

2.  CALCX.XXX  contains  a  composite  listing  of  the  identification  data, 

the  exercises  performed  and  their  corresponding  PF's,  and  the 
average  PF's. 


The  DEHPRQFT.FOR  program  is  documented  with  comments  that  define  the  var¬ 
iables  and  explain  the  mathematical  operations  performed.  Therefore,  a  line- 
by-line  analysis  of  the  Fortran  code  is  not  included  in  this  report.  For  the 
interested  reader,  however,  the  following  information  is  available: 
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Appendix  A:  Technical  Note  -  USAFSAM  Di-2-ethyl hexyl  Phthalate  (OEHP) 
Respirator  Quantitative  Fit  Test  (RQFT )  Instrument 
(Dynatech  Frontier  Corporation  Model  FE259H)  Calibra¬ 
tion  Procedure 


Appendix  B 
Appendix  C 
Appendix  0 
Appendix  E 


DEHPRQFT.FOR  Fortran  listing 
DATAX.XXX  file  contents  for  data  in  Table  3 
CALCX.XXX  file  contents  for  data  in  Table  4 
User's  guide  for  the  DEHPRQFT.FOR  computer  program. 


CONCLUSION 

The  USAFSAM  DEHP  RQFT  instrument  satisfies  the  need  for  a  simple  and 
rugged,  yet  sensitive  and  accurate  tool  for  fitting  personnel  with  chemical 
warfare  defense  respirators.  Because  of  this  work,  the  man-hour  savings  per 
respirator  fit  trial  have  been  reduced  by  more  than  20  percent,  and  human 
mathematical  errors  have  been  eliminated. 
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TABLE  3.  INTEGRATOR  COUNT  DATA  FOR  THE  STRIP-CHART  RECORDING 
IN  FIGURE  5 


DEHP  RQFT  DATA 


SUBJECT  NAME:  CAPTAIN  EDWARD  S.  KOLESAR,  JR. 

TYPE  OF  RESPIRATOR:  USA  XM-29;  MEDIUM;  NO  GLASSES 
DATE  TESTED:  18  JUNE  1981 

TIME  TESTED:  1127  HRS 


DEHP  RQFT  CALIBRATION  DATA: 


CALIBRATION  PARAMETER  SAMPLING  RANGE  AVERAGE 

SWITCH  POSITION  VOLTAGE 

(AS  A  PERCENT)  (IN  VOLTS) 

AVERAGE  INITIAL  VOLTAGE 
ASSOCIATED  WITH  THE  MAXIMUM 

CHAMBER  CHALLENGE  CONCENTRATION  100.00  5.820 

AVERAGE  INITIAL  VOLTAGE 
ASSOCIATED  WITH  THE  BASELINE 

OF  THE  DEHP  RQFT  INSTRUMENT  0.01  0.090 

AVERAGE  FINAL  VOLTAGE 
ASSOCIATED  WITH  THE  BASELINE 

OF  THE  DEHP  RQFT  INSTRUMENT  0.01  0.050 

AVERAGE  FINAL  VOLTAGE 
ASSOCIATED  WITH  THE  MAXIMUM 

CHAMBER  CHALLENGE  CONCENTRATION  100.00  5.800 


EXERCISE  INTEGRATOR  COUNT  INFORMATION: 


EXERCISE 

INTEGRATOR 

TIME  PERIOD 

SAMPLING  RANGE 

COUNT 

(IN  SECONDS) 

SWITCH  POSITION 
(AS  A  PERCENT) 

NORMAL  BREATHING  STRAIGHT  AHEAD 

131 

10 

0.01 

DEEP  BREATHING  STRAIGHT  AHEAD 

3757 

10 

0.01 

TALKING 

SIDE-TO-SIDE  HEAD  MOVEMENTS 

11871 

10 

0.01 

(DEEP  BREATHING) 

UP-AND-DOWN  HEAD  MOVEMENTS 

11074 

10 

0.01 

(DEEP  BREATHING) 

8997 

10 

0.01 

FACIAL  GRIMACING 

6752 

10 

0.01 

TABLE  4.  PROTECTION  FACTOR  COMPUTER  PROGRAM  CALCULATIONS  FOR  THE 
DATA  IN  TABLE  3 


THE  DESCRIPTIVE  AND  PROTECTION  FACTOR  CALCULATIONS 


SUBJECT  NAME:  CAPTAIN  EDWARD  S.  KOLESAR,  JR. 

TYPE  OF  RESPIRATOR:  USA  XM-29;  MEDIUM;  NO  GLASSES 
DATE  TESTED:  18  JUNE  1981 

TIME  TESTED:  1127  HRS 


EXERCISE 


NORMAL  BREATHING  STRAIGHT  AHEAD 
DEEP  BREATHING  STRAIGHT  AHEAD 
TALKING 

SIDE-TO-SIDE  HEAD  MOVEMENTS 
(DEEP  BREATHING) 

UP-AND-DOWN  HE/®  MOVEMENTS 
(DEEP  BREATHING) 

FACIAL  GRIMACING 

OVERALL  ARITHMETIC  AVERAGE  PROTECTION  FACTOR  FOR  ALL 

CATEGORIES  OF  EXERCISES  ACTUALLY  PERFORMED  =  2.4E+05 

OVERALL  TIME  WEIGHTED  AVERAGE  PROTECTION  FACTOR  FOR  ALL 

CATEGORIES  OF  EXERCISES  ACTUALLY  PERFORMED  =  2.4E+05 


NOTE:  Any  protection  factor  that  is  listed  as  1.0E+06  has  been  assigned 
this  value  by  default  because  the  sensitivity  of  this  RQFT  instru¬ 
ment  is  at  most  one  part  in  ten  to  the  sixth.  The  integrator 
count  value  for  a  particular  exercise  in  question  is  merely  repre¬ 
sentative  of  integrating  the  electrical  noise  and  the  true  protec¬ 
tion  factor  is  indeed  greater  than  1.0E+06.  Any  exercise  scaled 
integrator  count  value  yielding  a  protection  factor  greater  than 
1 .0E+06  will  be  reported  as  1.0E+06. 


PROTECTION  FACTOR 

1.0E+06 

1.9E+05 

S.2E+04 

5.6E+04 

7.0E+04 

9.6E+04 
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USAFSAM  Di-2-ethyl hexyl  Phthalate  Respirator  Quantitative 
Fit  Test  Instrument  (Dynatech  Frontier  Corporation  Model  FE259H) 

Cal ibration  Procedure 


INTRODUCTION 

The  Dynatech  Frontier  Corporation  Model  FE259H  polydispersed  di-2- 
ethylhexyl  phthalate  (DEHP)  respirator  quantitative  fit  test  (ROFT)  instrument 
is  designed  to  generate  a  liquid  aerosol  challenge  atmosphere  that  is  repro¬ 
ducible  in  particle  size  {[0.5  -  0.6  ym]  -  [mass  median  aerodynamic  diameter 
(MMAD)]}  and  in  concentration  (25  ±  5  yg/liter)  [1-6],  The  major  subsystems 
of  the  FE259H  ROFT  instrument  are  the  Model  FE971  linear  forward  liqht 
scattering  photometer,  an  aerosol  generator,  a  dilution  air  system,  and  a 
Model  FE701  strip-chart  recorder  [1,  3-5],  When  the  FE259H  instrument  is  used 
in  conjunction  with  the  Model  FE222  test  booth,  measurements  of  RQFT  protec¬ 
tion  factors  (PFs)  can  be  accomplished  [2,  5]. 

This  technical  note  describes  the  analytical  procedures  that  can  be  used 
to  generate  and  maintain  a  known  test  booth  challenge  concentration  of  DEHP 
(normally,  30  ug/liter  for  full-face  respirator  tests).  Implementation  of 
this  procedure  will  require  the  operator  to  make  only  two  adjustments  to  the 
instrument.  After  the  ambient  temperature  (°F)  and  barometric  pressure  (cm 
Hg)  are  measured,  the  FE259H  aerosol  generator  air  pressure  and  aerosol  dilu¬ 
tion  air  differential  pressure  settings  are  made.  These  two  settings  will 
optimize  the  test  booth's  response  time  (time  required  for  the  test  booth  to 
attain  an  equilibrium  aerosol  challenge  concentration  from  an  initial 
start-up),  and  the  instrument's  dynamic  capability  to  achieve  and  maintain  a 
desired  challenge  aerosol  concentration. 


ANALYTIC  PERFORMANCE  EQUATIONS 

Five  equations  predict  the  performance  and  operation  of  the  USAFSAM  OEHP 
RQFT  instrument  [1,  3-10]: 


V 

C0t 

(A- 1 ) 

pg  = 

(#q  •  ao)/ai 

(A-2) 

V 

blPg  +  bo 

(A-3) 

Qd  - 

Q.  -  Q 
vt  vq 

(A-4) 

AP  = 

(Qd/k)2  (P/T) 

(A-S) 

where, 

AP  =  aerosol  dilution  air  differential  pressure  setting  [also  the 
magnehelic  water  column  gauge  setting  (inches  of  H20)J 
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Pg  =  aerosol  generator  air  pressure  (psig) 

P  =  average  ambient  barometric  pressure  (cm  of  Hg) 

Mg  =  aerosol  generator  mass  flow  rate  (mg/mi n) 

Qt  =  total  system  volumetric  aerosol  flow  rate  (liters/min) 

=  volumetric  dilution  air  flow  rate  (liters/min) 

Qg  =  volumetric  aerosol  generator  flow  rate  (liters/min) 

C  =  chamber  concentration  of  DEHP  (vig/liter) 

T  =  average  ambient  temperature  (°K) 

a0,  ai,  bo>  blf  and  k  =  unique  instrumental  calibration  constants 
supplied  by  the  manufacturer. 

For  the  USAFSAM  instrument  [1,  3-5]: 
aQ  =  -23.9  mg/mi n 

a!  =  9.26  mg/min*psig 
bQ  =  17.2  liter/min 

bj  =  2.72  1  iters/mi n* psig 
k  =  119.0  liters*cm  Hg^/mi n-°K^-psig^ 

C  =  30  ug/1 iter 

? 

*’  EXAMPLE  CALCULATION 

As  an  example,  a  typical  calculation  can  be  accomplished  considering  the 
following  conditions: 

T  =  72°F 
P  =  75  cm  Hg 

Qt  =  849.6  liters/min  (30  cfm) 
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The  aerosol  generator's  mass  flow  rate  can  be  calculated  using  Equa¬ 
tion  (A-l): 


Mq  =  (30  ug/liter)  (1  mg/1000  pg)  (849.6  liters/min) 
* 

Mq  =  25.49  mg/mi n 


The  aerosol  generator  pressure  setting  can  be  calculated  using  Equa¬ 
tion  (A-2): 

(25.49  mg/min)  -  (-23.9  mg/min) 

9  (9.26  mg/min *psig) 

Pq  =  5.33  psig 

The  volumetric  aerosol  generator  air  flow  rate  can  be  calculated  using 
Equation  (A-3): 

Qq  =  (2.72  liters/min*psiq)  (5.33  psig)  +  (17.2  liters/min) 

0q  =  31.70  liters/min 

The  volumetric  dilution  air  flow  rate  can  be  calculated  usinq 
Equation  (A-4): 

0d  =  (849.6  liters/min)  -  (31.70  liters/min) 

Qd  =  817.9  1 iters/min 


Finally,  the  aerosol  dilution  air  differential  pressure  setting  can  be 
calculated  using  Equation  (A-5): 


AP 


817.9  liters 
min 

119  liters»cm  Hq^ 
min*°K^*psig 
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AP  =  12.0  psig 


where 


°K  =  (°F-32)  5/9  +  273.15 

Thus,  for  this  example,  the  DEHP  instrument's  front  panel  aerosol  generator 
air  pressure  gauge  would  be  adjusted  to  5.33  psig,  and  the  aerosol  dilution 
air  differential  pressure  (magnehelic  gauqe)  would  be  adjusted  to  12.0  psiq. 
These  settings  (at  the  temperature  and  barometric  pressure  considered)  mean 
that  the  test  booth's  concentration  of  DEHP  will  be  established  and  maintained 
at  30  pq/liter. 


CONCLUSION 

Because  the  aerosol  generator  air  pressure  and  aerosol  dilution  air  dif¬ 
ferential  pressure  (magnehelic  qauge)  must  be  adjusted  for  ambient  temperature 
and  barometric  pressure,  a  table  of  these  two  settings  can  be  constructed  for 
various  combinations  of  ambient  temperatures  and  barometric  pressures. 

Figure  A-l  illustrates  the  organization  of  Table  A-l.  To  use  Table  A-l, 
the  technician  should:  first,  identify  the  aerosol  generator  air  pressure  he 
would  like  to  use;  second,  identify  the  ambient  temperature  and  barometric 
pressure;  and,  finally,  read  from  the  Table  (an  element  x..)  the  aerosol  dilu¬ 
tion  air  differential  pressure  (magnehelic  gauqe)  setting!  If  the  situation 
arises  that  the  magnehelic  gauqe  setting  is  off-scale  for  the  instrument,  the 
technician  should  select  a  different  aerosol  generator  air  pressure  setting 
and  repeat  the  foregoinq  iterative  process.  Table  A-l  will  facilitate 
calibration  of  the  instrument  by  the  laboratory  technician. 

The  following  pages  ("Attachment  A-l")  contain  Figure  A-l  and  the  computer¬ 
generated  information  for  Table  A-l.  (Thereafter,  "Attachment  A-2"  provides  a 
listing  of  the  Fortran  computer  program  used  to  generate  the  data  in  Table  A-l). 
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Figure  A-l.  Organization  of  data  for  Table  A-l.  (Aerosol  generator 
air  pressure  vs.  aerosol  dilution  air  differential 
pressure—magnehelic  gauge  setting— for  various  ambient 
temperatures  and  barometric  pressures.) 


TABLE  A-l.  AEROSOL  GENERATOR  AIR  PRESSURE  VS.  AEROSOL  DILUTION  AIR  DIFFERENTIAL 
PRESSURE  (MAGNEHELIC  GAUGE  SETTING)  FOR  VARIOUS  AMBIENT  TEMPERATURES 
AND  BAROMETRIC  PRESSURES 
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ATTACHMENT  A-2: 

Fortran  Computer  Program  Listing 
Used  To  Generate  Table  A-l 
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FORTRAN  COMPUTER  PROGRAM  LISTING 
USED  TO  GENERATE  TABLE  A-l 


C  THIS  PROGRAM  PRODUCES  A  TABLE  FOR  USE  IN  THE  USAFSAM  DEHP  RQFT 
C  INSTRUMENT  CALIBRATION  PROCEDURE  (DYNATECH  FRONTIER  CORP.  MODEL 
C  FE259H) . 

C 

C 

DIMENSION  QT(40), DELTA  P ( 41 , 1 3) ,T1 t 42) , P (1 3) 

REAL  MG 

INTEGER  TEMP, PRESS 
BYTE  WORD (41) 

OPEN  (UNIT-1 , DISPOSE- 1  SAVE' ,TYPE- ' NEW  * , NAME- 'TABLE .DAT' ) 
WORD(6) -' A ' 

WORD (7) -' M ' 

WORD ( 8 ) - ‘ B ' 

WORD ( 9 ) - ' I ' 

WORD ( 1 0) - ' E ' 

WORD (11) -'N' 

WORD ( 1 2 ) - 1 T 1 
WORD (13)-'  ’ 

WORD (14) -'T' 

WORD(15)-*E' 

WORD (16) -'  M' 

WORD(17)-'P' 

WORD (18) -■ E' 

WORD(19) R' 

WORD(20) A* 

WORD (21) -*T' 

WORD(22)-'U' 

WORD(23)-'R' 

WORD ( 24) - 1 E ' 

WORD (25)-'  • 

WORD ( 26 ) - 1 1 ' 

WORD ( 27 ) - 1 N ' 

WORD(28)-'  ' 

WORD (29) -'D‘ 

WORD(30)-'E* 

WORD(31)-'G' 

WORD (32) - 1  1 
WORD(33) F ' 

DO  15  12-1,5 
15  'WORD ( 12)  -'  ' 

DO  17  13-34,41 
17  WORD (13) -'  ' 

C 

C  THE  FOLLOWING  SET  OF  VARIABLES  ARE  UNIQUE  INSTRUMENTAL 
C  CALIBRATION  CONSTANTS  SUPPLIED  BY  THE  MANUFACTURER: 

A0-(-23 .9) 

Al-9.26 
BO-17.2 
Bl-2.72 
K-119.0 


QT(I) -THE  TOTAL  SYSTEM  VOLUMETRIC  AEROSOL  FLOW  RATE 
(LITERS/MIN  OR  CFM  X  28.32).  RANGE  OF  QT(I)  IS 
3-40  CFM. 
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c 

C  C  =  30  MICROGRAM/ LITER  =  CHAMBER  CONCENTRATION  OF 
C  DEHP  (MICROGRAM/LITER) 

C-30. 

MG-C/1000  X  QT(I) “AEROSOL  GENERATOR  MASS  FLOW  RATE 


T(l) -INITIAL  TEMPERATURE  IN  FAHRENHEIT 
Tl(l) -80. 

write  u,  5) 

S  FORMAT  ( ' 1 ' ,T31 , ' TABLE 1 .  AEROSOL  GENERATOR  AIR  PRESSURE  VERSUS  ' 
*, 'AEROSOL  DILUTION  AIR 1 /T31 , 'DIFFERENTIAL  PRESSURE  (MAGNEHELIC  GUA 
*GE  SETTING)  FOR  VARIOUS  AMBIENT ' /T46 , 'TEMPERATURES  AND  BAROMETRIC 
*  PRESSURES') 


DO  10  1-3,40 

P( PRESS) -72. -INITIAL  AMBIENT  BAROMETRIC  PRESSURE  (CM  HG> 

P(l) -72 . 

QT ( I) -1*28.32 
MG-C/1 000-QT (I) 

PG-(MG-AO) /Al-AEROSOL  GENERATOR  PRESSURE  (PSIG) 

PG-(MG-AO) /A1 

QG-B1  X  PG  +  BO-VOLUMETRIC  AEROSOL  GENERATOR  FLOW  RATE  (LITERS/HIN) 
QG-B1+PG+B0 

QD-QT ( I ) -QG  -  VOLUMETRIC  AEROSOL  GENERATOR  FLOW  RATE  (LITERS/MIN) 
QD-QT ( I ) -QG 

PRINT  TABLE  HEADINGS 
WRITE  (1,25)  PG 

25  FORMAT  (' 0 ' ,T47 , 'AEROSOL  GENERATOR  PRESSURE  (PSIG) -' ,F5.2/// 
*T48, 'AMBIENT  BAROMETRIC  PRESSURE  IN  CM  HG'///) 

CALCULATE  DELTA  P 
DO  20  PRESS-1,13 
DO  30  TEMP-1 ,41 
C  CHANGE  FROM  FAHRENHEIT  TO  KELVIN 

T-(TKTEMP) -32.) +  (5./9.) +273.15 

DELTA  P( TEMP, PRESS) - (QD/K) **2» (P (PRESS) /T) 

30  T1  (TQIP+l)  -T1  (TD1P)  -0.5 
20  P( PR ESS+1)-P( PRESS) +0.5 
C  PRINT  TABLE  COLUMNS 

WRITE  (1,35)  (P(PRESS) , PRESS-1, 13) 

35  FORMAT  ('  ' ,T15 , ' I ' ,T17 ,F4 . 1 , 12 ( 5X, F4 . 1) ) 

WRITE  (1,36) 

36  FORMAT  ( '  '  ,T9, ' - 

_ _ _ _ _ _ 

C  PRINT  TABLE  VALUES 
DO  40  TEMP-1,41 

(TRITE  (1,45)  WORD  (TEMP)  ,T1  (TEMP) 

*, (DELTA  P(TEMP, PRESS) , PRESS-1, 13) 

45  FORMAT  ('  ' ,T6 ,A1 ,T9 , F4 . 1 ,T15 , ' I ' ,T17 , 12 (F4 . 1 , 5X) , F4 . 1) 
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40  CONTINUE 
V7RITE  (1,36) 
WRITE  (1,47) 
47  FORMAT ( 1 1 ' ) 


ANOTHER  AEROSOL  GENERATOR  PRESSURE  SETTING  (  ANOTHER  PAGE  PRINTED) 
10  CONTINUE 

CLOSE  (UNIT-1) 

STOP 

END 
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DEHPRQFT.FOR  Fortran  Listing 


THIS  PROGRAM  CALCUIATES  PROTECTION  FACTORS  FOR  DATA  COLLECTED  Of.’ 
THE  USAFSAM/VNL  DI -2-ETHYLHEX YL  PHTHALATE  (DEHP)  RESPIRATOR 
QUANTITATIVE  FIT  TEST  ( RQFT )  INSTRUMENT. 

THE  CALCULATION  OF  A  RESPIRATOR'S  PROTECTION  FACTOR  (PF)  IS 
ACCOMPLISHED  USING  THE  FOLLOWING  RELATIONSHIP: 

PF=  ( CC) / (RL) 

WHERE, 

PF=PROTECTIOH  FACTOR 

CC=AVERAGE  CORRECTED  CHAMBER  CHALLENGE  CONCENTRATION 

RL-AVERAGE  CORRECTED  RESPIRATOR  LEAKAGE  CONCENTRATION  FOR  A 
PARTICULAR  EXERCISE 


THE  AVERAGE  CORRECTED  CHAMBER  CHALLENGE  CONCENTRATION  (CC)  IS 
GIVEN  BY: 

CC=t(CI+CF) (KCC)/2  -  (BI+BF) (KBC) /2) 

OR  EQUIVALENTLY  (SINCE  THERE  IS  A  ONE-TO-ONE  CORRESPONDENCE 
BETWEEN  THE  SCATTERED  LIGHT  PHOTOMETER'S  OUTPUT  VOLTAGE  AND  THE 
CONCENTRATION  OF  DEHP) , 

CC»( (VCI+VCF) (KCC) /2  -  (VBI+VBF) (KBC) /2) 

WHERE, 

CI-AVERAGE  INITIAL  CHAMBER  CHALLENGE  CONCENTRATION  (MEASURED 
AFTER  THE  SUBJECT  ENTERS  THE  CHAMBER  AND  JUST  PRIOR  TO 
INITIATING  THE  FIRST  EXERCISE) 

CF-AVERAGE  FINAL  CHAMBER  CHALLENGE  CONCENTRATION  (MEASURED 
AFTER  ALL  EXERCISES  HAVE  BEEN  COMPLETED  AND  JUST  PRIOR  TO 
THE  SUBJECT'S  EXIT  FROM  THE  CHAMBER) 

KCC-IllSTRUMENT'S  SAMPLING  RANGE  SWITCH  POSITION  (TYPICALLY 
100  PERCENT) 

BI-AVERAGE  INIT  AL  BASELINE  CONCENTRATION  (MEASURED  AFTER 
THE  SUBJECT  ITERS  THE  CHAMBER  AND  JUST  PRIOR  TO 
INITIATING  THE  FIRST  EXERCISE) 

BF-AVERAGE  FINAL  BASELINE  CONCENTRATION  (MEASURED  AFTER  ALL 
EXERCISES  HAVE  BEEN  COMPLETED  AND  JUST  PRIOR  TO  THE 
SUBJECT'S  EXIT  FROM  THE  CHAMBER) 

KBC -INSTRUMENT ' S  SAMPLING  RANGE  SWITCH  POSITION  (TYPICALLY 
10.0  -  0.01  PERCENT) 

VC I -AVERAGE  INITIAL  VOLTAGE  RESPONSE  OF  THE  SCATTERED  LIGHT 
PHOTOMETER  (CORRESPONDS  TO  THE  VALUE  FOR  Cl) 


EHEGBDUO  HIM  flUMC-tfOT 


num 
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c 

C  VCF-AVERAGE  FINAL  VOLTAGE  RESPONSE  OF  THE  SCATTERED  LIGHT 

C  PHOTOMETER  (CORRESPONDS  TO  THE  VALUE  FOR  CF) 

C 

C  VBI-AVERAGE  INITIAL  VOLTAGE  RESPONSE  OF  THE  SCATTERED  LIGHT 

C  PHOTOMETER  (CORRESPONDS  TO  THE  VALUE  OF  BI) 

C 

C  VBF-AVERAGE  FINAL  VOLTAGE  RESPONSE  OF  THE  SCATTERED  LIGHT 

C  PHOTOMETER  (CORRESPONDS  TO  THE  VALUE  OF  BF) 

C 

C 

C  THE  AVERAGE  CORRECTED  RESPIRATOR  LEAKAGE  CONCENTRATION  (RL)  IS 
C  GIVEN  BY: 

C 

C  RL»((RE)(KE)  -  (BI+BF) <KBC)/2) 

C 

C  OR  EQUIVALENTLY  (SINCE  THERE  IS  A  ONE-TO-ONE  CORRESPONDENCE 
C  BETWEEN  THE  SCATTERED  LIGHT  PHOTOMETER'S  OUTPUT  VOLTAGE  AND  THE 
C  CONCENTRATION  OF  DEHP) , 

C 

C  RL=((ASLPVO) (KE)  -  (VBI+VBF) (KBC)/2] 

C 

C  WHERE, 

C 

C  RE=AVERAGE  RESPIRATOR  LEAKAGE  CONCENTRATION  FOR  A  PARTICULAR 

C  EXERCISE 

C 

C  KE-INSTRUMENT'S  SAMPLING  RANGE  SWITCH  POSITION  USED  DURING 

C  THE  EXERCISE  MEASUREMENT  TIME  PERIOD  (TYPICALLY  10  -  0.01 

C  PERCENT) 

C 

C  ASLPVO-AVERAGE  SCATTERED  LIGHT  PHOTOMETER  VOLTAGE  OUTPUT 

C  FOR  A  PARTICULAR  EXERCISE  (CORRESPONDS  TO  THE  VALUE 

C  OF  RE) 

C 


£**»**********************************************»***«*****«**** 

Q+++** 

c*****  IF  YOU  HAVE  ANY  QUESTIONS  CONCERNING  THIS  PROGRAM  CALL 

£***** 

£*«***  CAPTAIN  EDWARD  S.  KOLESAR,  JR. 

£*«*** 

C*****  USAFSAfl/VNL  BROOKS  AFB  TX 

£****+ 

AUTOVON  240-2154  OR  COMMERCIAL  (512)536-2154 

£*«*** 

c**************************************************************** 


*»* 


*** 


*** 

**# 


**•* 

**** 


IMPLICIT  INTEGERS  (I-N) 

INTEGER  FILTK 
REAL  KBC.KCC 

DIMENSION  ICCBS (2)  ,IC(20)  ,ICTP(20)  ,SRSP(20)  ,PF(20)  ,RL(20)  ,XC(20) 
BYTE  SECN(9) ,P<10) ,C(10),NAME(45) ,MASK(45) ,DATE(45) ,TIME(45) 

BYTE  GROUP  1, GROUP  2 , YES , NO , REP , SELECT ( 7 ) 

DATA  SECH/ ll,,'2,,,3',,4,,,5’,,6,,,7•t•8,,,9,/ 

YES-'Y' 

NO- '  N ' 
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ICCBS ( *)  AMD  4137  FORMAT  ELEMENTS  ARE  USED  IN  A  CRT 
SCREEN  CLEARING  ALGORITHM 

ICCBS  (1)  =72*256+27 
ICCBS  (2)  “74*256+27 
4137  FORMAT (1H  ,2A2> 

ESTABLISH  A  FILE  COUNTER  AND  DECLARE  THE  FILE  NAMES 
5101  FILTK»1 

THE  FILE  CALLED  DATX.XXX  CONTAINS  THE  RQFT  DESCRIPTIVE 
INFORMATION,  DEHP  CALIBRATION  DATA,  AND  EXERCISE  INTEGRATOR 
COUNT  DATA 

THE  FILE  CALLED  CALCX.XXX  CONTAINS  THE  RQFT  DESCRIPTIVE 
INFORMATION,  THE  EXERCISE  PF  CALCULATIONS,  AND  ARITHMETIC 
AVERAGE  AND  TIME-i/EIGHTED  AVERAGE  PF  CALCULATIONS 

THE  FILES  ARE  NUMBERED  SEQUENTIALLY  SO  THAT  THEY  CAN  BE  EASILY 
RETRIEVED  FOR  PRINTING  AND  ANALYSIS 

THE  FILES  THAT  HOLD  VARIOUS  SEGMENTS  OF  DATA  ARE  NAMED 

PIIJ-'D1 

P(2)=*A' 

P  ( 3 )  = '  T ' 

P(4)»'A' 

P ( 5) =SECN (FILTK) 

P  (6 )  =  *  .  1 
P(10)=0 
C (1)  *'  C 1 
C  ( 2)  = '  A 1 
C  (3)  = ' L ' 

C  ( 4)  =  ' C 1 

C ( 5 ) =SECN ( FI LTK ) 

C(6) = 1 . ' 

C(10)=0 
TYPE  2006 

! 006  FORMAT (IX, '  '///) 

TYPE  4137 , ICCBS (1) ,ICCBS(2) 

TYPE  2006 
GO  TO  3081 

IF  MORE  THAN  ONE  SET  OF  RQFT  DATA  IS  TO  BE  PROCESSED 
DURING  A  COMPUTER  RUN,  THE  FILE  COUNTER  IS  AUTOMATICALLY 
INCREMENTED  TO  FACILITATE  KEEPING  TRACK  OF  THE  DATAX.XXX 
AND  CALCX.XXX  FILES 

6000  FILTK«FILTK+1 

P<  5) «S£CN (FILTK) 

C ( 5 ) «SECN( FILTK) 

TYPE  2006 

TYPE  41  37  ,  ICCBS  (1 )  ,  ICCBS  (2) 

TYPE  2006 
3081  CONTINUE 
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TYPE  2002 

2002  FORMATdX,  'USER  ATTENTION:  IN  ORDER  TO  KEEP  TRACK  OF  TIIE  '/ 
C'  DATA  FILES  (DATAX.XXX)  BEING  ANALYZED,  IT  IS  RECOMMENDED  '/ 
C'  THAT  THEY  BE  SEQUENTIALLY  NUMBERED.'/) 

TYPE  306 

306  FORMAT (IX,*  '/> 

TYPE  2003 

2003  FORMAT  ( IX,  '  ENTER  THE  FOLLOWING:  001  FOP.  THE  FIRST  DATA  '/ 

C*  FILE;  002  FOR  THE  SECOND  DATA  FILE;  003  FOR  THE  THIRD'/ 

C'  DATA  FILE;  ETC. '/) 

TYPE  306 
TYPE  2004 

2004  FORMAT  (IX,  'ENTP.Y=  ’  ,  S) 

ACCEPT  2005, P(7) ,P(8) ,P(9) 

2005  FORMAT ( 3 Al) 

TYPE  2006 

TYPE  4137,ICCBS(1)  ,  ICCBS  (2) 

TYPE  2006 
TYPE  5100 

5100  FORMATdX,  'USER  ATTENTION:  IN  ORDER  TO  KEEP  TRACK  OF  THE'/ 

C'  CALCULATION  FILES  (CALCX.XXX),  IT  IS  RECOMMENDED  THAT  ’/ 

C'  THEY  BE  SEQUENTIALLY  NUMBERED.'/) 

TYPE  306 
TYPE  5200 

5200  FORMATdX,  '  ENTER  THE  FOLLOWING:  001  FOR  THE  FIRST  ’/ 

C'  CALCULATION  FILE;  002  FOR  THE  SECOND  CALCULATION  FILE;  ’/ 

C'  003  FOR  THE  THIRD  CALCULATION  FILE;  ETC.'/) 

TYPE  306 
TYPE  2004 

ACCEPT  2005, C(7) ,C(8) ,C(9) 

TYPE  2006 

TYPE  4137,  ICCBS  (1 )  ,  ICCP3  (2) 

TYPE  2  006 

OPEN ( UNI 7=  2 , NAME* " , D 1 7 POSE* ’ SAVE ’ , TV ?S= ’ NEW'  ) 

OPEN ( UNIT* 3 ,NAME=C, DISPOSE* 'SAVE' , TYPE* ' NEW ' ) 

THE  RQFT  DATA  TO  BE  PROCESSED  IS  NOW  ENTERED 

ENTER  THE  DESCRIPTIVE  INFORMATION  CONCERNING  THE  SUBJECT, 
RESPIRATOR  TYPE,  DATE,  AND  TIME  TESTED 

TYPE  2006 

TYPE  4137,  ICCBSd)  ,  ICCBS  (2) 

TYPE  2006 
TYPE  5300 
5300  FORMATdX,  'DEHP  RQFT  DATA:  ’/) 

TYPE  2  006 
TYPE  3005 

3005  FORMATdX, 'SUBJECT  NAME:  *,2X,S) 

ACCEPT  3006, NAME 

3006  FOPMAT  C  4  5 A 2 ) 

TYPE  3087 

3  00  7  FORMATdX, 'TYPE  OF  RESPIRATOR:  ',2X,S) 

ACCEPT  3006, MASK 
TYPE  3088 

3008  FORMATdX, 'DATE  TESTED:  ',2X,$> 

ACCEPT  3 086, DATE 
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TYPE  3089 

3089  FORMAT (IX, 'TIME  TESTED:  ’,2X,S) 

ACCEPT  3086 .TIME 
TYPE  2006 

THE  DEHP  RQFT  CALIBRATION  DATA  IS  ENTERED 

THIS  INFORMATION  IS  AVAILABLE  FROM  THE  DATA  SHEET  USED 
DURING  AN  RQFT 

TYPE  2006 

TYPE  4137, ICCBS(l) ,ICCBS(2) 

TYPE  2006 
TYPE  99 

99  FORMATUX,  'DEPRESS  THE  RETURN  KEY  AFTER  ENTERING  A'/ 

C'  SWITCH  POSITION  AMD  VOLTAGE'/////) 

TYPE  2006 
TYPE  40 

40  FORMATdX,  'DEHP  RQFT  CALIBRATION  DATA:  '///) 

TYPE  41 

41  FORMATdX, 'CALIBRATION  PARAMETER ', 17X ,' SAMPLING  RANGE ', 8X ,' AVERAGE 

C) 

TYPE  42 

42  FORMATdX,  38X, 'SWITCH  POSITION ', 7X ,’ VOLTAGE  ' ) 

TYPE  43 

43  FORMAT (IX, 39X, ' (IN  PERCENT) ', 8X ,'( IN  VOLTS)'/) 

TYPE  44 

44  FORMATdX,  'AVERAGE  INITIAL  VOLTAGE') 

TYPE  45 

45  FORMATdX, 'ASSOCIATED  WITH  THE  MAXIMUM') 

TYPE  46 

46  FORMAT (IX, 'CHAMBER  CHALLENGE  CONCENTRATION  ' , S) 

ACCEPT  64 , KCC 

CALL  CLEAR (LINES) 

TYPE  47, KCC 

47  FORMAT (1H+, 'CHAMBER  CHALLENGE  CONCENTRATION ' ,T4 4 , F6 . 2 ,T6 3 , 1H  , $) 
ACCEPT  48, VC I 

48  FORMAT (1 F6 . 3 ) 

TYPE  306 
TYPE  49 

49  FORMATdX, 'AVERAGE  INITIAL  VOLTAGE') 

TYPE  50 

50  FORMATdX, 'ASSOCIATED  WITH  THE  BASELINE') 

TYPE  51 

51  FORMATdX,  'OF  THE  DEHP  RQFT  INSTRUMENT  '  ,  S) 

ACCEPT  64 , KBC 

CALL  CLEAR (LINES) 

TYPE  5 2, KBC 

52  FORMAT (1H  + ,  'OF  THE  DEHP  RQFT  INSTRUM ENT '  ,T44  , F6 . 2 ,T6 3 ,  li!  ,  S) 

ACCEPT  4 8 , VBI 

TYPE  3  06 
TYPE  53 

53  FORMATdX, 'AVERAGE  FINAL  VOLTAGE') 

TYPE  50 

TYPE  51 
ACCEPT  64, KBC 
CALL  CLEAR (LINES ) 


93 


--APPENDIX  B— 


TYPE  52 ,  KBC 
ACCEPT  43  f VBF 
TYPE  306 
TYPE  53 
TYPE  45 
TYPE  46 
ACCEPT  64,KCC 
CALL  CLEAR (LINES) 

TYPE  47 , KCC 
ACCEPT  48.VCF 
TYPE  20C6 

TYPE  4137,ICCBS(1) ,ICCBS(2) 

TYPE  20C6 
C 

C  SELECT  THE  PROPER  EXERCISE  PROTOCOL 

C 

TYPE  3127 

3127  FORMATdXr  'THE  USER  IS  FREE  TO  SELECT  ONE  OF  TOO  GROUPS  OF'/ 
C'  EXERCISE  PROTOCOLS'//) 

TYPE  3128 

3128  FORMAT (IX, 'THE  (GROUP  1]  EXERCISE  PROTOCOL  CONSISTS  OF:1// 

C‘  (1J  NORMAL  BREATHING  STRAIGHT  AHEAD'/ 

C'  (21  DEEP  BREATHING  STRAIGHT  AHEAD'/ 

C'  i 3 1  TALKING'/ 

C'  (41  aiDE-TO-SIDE  HEAD  MOVEMENTS  (DEEP  BREATHING)'/ 

C'  (51  UP-AMD-DOt.-N  HEAD  MOVEMENTS  (DEEP  BREATHING)  '/ 

C'  (61  FACIAL  GRIMACING'///) 

TYPE  2006 

TYPE  4137, ICCBS d)  , ICCBS (2) 

TYPE  2006 
TYPE  3129 

3129  FORM AT (IX, 'THE  (GROUP  23  EXERCISE  PROTOCOL  CONSISTS  OF:'// 


C' 

(13 

NORMAL 

BREATHING 

STRAIGHT  AHEAD 

C' 

(21 

NORMAL 

BREATHING 

LEFT'/ 

C' 

(33 

NORMAL 

BREATHING 

RIGHT’/ 

C' 

(43 

NORMAL 

BREATHING 

DOWN'/ 

C' 

(53 

NORMAL 

BREATHING 

UP'/ 

c' 

(61 

DEEP  BREATHING  STRAIGHT  AHEAD'/ 

C' 

(73 

DEEP  BREATHING  LEFT'/ 

C' 

(81 

DEEP  BREATHING  RIGHT') 

TYPE  3130 

3130  FORMAT (IX, *193  DEEP  BREATHING  DOWN'/ 

C'  (103  DEEP  BREATHING  UP'/ 

C'  (111  TALKING'/ 

C'  (123  FACIAL  GRIMACING'/ 

C'  (133  SIDE-TO-SIDE  HEAD  MOVEMENTS  ( NORMAL  BREATHING)'/ 

C'  (14)  UP-AND-DOWN  HEAD  MOVEMENTS  (NORMAL  BREATHING) '/ 

C'  (153  SIDE-TO-SIDE  HEAD  MOVEMENTS  (DEEP  BREATHING) '/ 

C'  (163  UP-AND-DOV7N  HEAD  MOVEMENTS  (DEEP  BREATHING)'//) 

4138  TYPE  2006 

TYPE  41 37 , ICCBS ( 1 ) ,ICCBS(2) 

TYPE  2006 
TYPE  3131 

3131  FORMATdX, 'TO  SPECIFY  THE  EXERCISE  PROTOCOL  GROUP  OF  INTEREST,'/ 

C'  TYPE  EITHER:  GROUP  1  OR  GROUP  2  ') 

TYPE  306 
TYPE  2004 
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ACCEPT  3 12 2, SELECT 
3122  FORMAT(7Al) 

IF (SELECT (7) .NE. ' 1 ' .AND. SELECT (7) .HE. ' 2 ' )  GO  TO  4138 
TYPE  2006 

TYPE  4137 , ICCBS (1) ,ICCBS(2) 

TYPE  2006 

ENTER  THE  EXERCISE  INTEGRATION  COUNT  DATA 

THIS  INFORMATION  IS  AVAILABLE  FROM  THE  DATA  SHEET  USED 
DURING  THE  RQFT 

TYPE  3021 

3021  FORMATdX, 'USER  ATTENTION:  IF  NO  EXERCISE  COUNT  DATA  WAS'/ 

C'  COLLECTED  FOR  A  PARTICULAR  EXERCISE,  TYPE:  000001.  ALSO, V 
C*  FOR  EACH  EXERCISE  INTEGRATOR  COUNT  DATA  ENTRY,  SIX  DIGITS  MUST’) 
TYPE  3022 

3022  FORMATdX, 'BE  TYPED,  THAT  IS,  IF  YOU  HAVE  A  SIX  DIGIT  NUMBER,'/ 

C'  TYPE  ALL  SIX  DIGITS.  IF  YOU  HAVE  A  FIVE  DIGIT  NUMBER,  TYPE'/ 

C'  ONE  LEADING  ZERO  AND  THEN  THE  FIVE  DIGITS.  IF  YOU  HAVE  A') 

TYPE  3033 

3033  FORMAT ( '  FOUR  DIGIT  NUMBER,  TYPE  TWO  LEADING  ZEROS  AND  THEN  THE'/ 
C'  FOUR  DIGITS,  ETC.  SEVERAL  EXAMPLES  FOLLOW  AS  AM  ILLUSTRATION') 

TYPE  3034 

3034  FORMATdX, 'FOR  EXAMPLE:  COUNT  DATA=743182  TYPED  £NTRY«743182' ) 
TYPE  3035 

3035  FORMATdX, 'FOR  EXAMPLE:  COUNT  DATA-187  26  TYPED  ENTKY*018726' ) 

TYPE  3036 

3036  FORMATdX, 'FOR  EXAMPLE:  COUNT  DATA*6412  TYPED  ENTKY«=006412 ' ) 
TYPE  2006 

TYPE  41 37,  ICCBS  (1)  ,  ICCBS (2) 

TYPE  2006 
TYPE  3119 

3119  FORMATdX, 'DEPRESS  THE  RETURN  KEY  AFTER  ENTERING  AN'/ 

C'  INTEGRATOR  COUNT  MAGNITUDE,  TIME  PERIOD,  AND’/ 

C'  SWITCH  POSITION'/) 

TYPE  2006 
TYPE  3037 

3037  FORMATdX, 'EXERCISE  INTEGRATOR  COUNT  INFORMATION:’/) 

TYPE  3038 

3038  FORMATdX, 'EXERCISE' ,26X, ' INTEGRATOR' ,3X, 'TIME  PERIOD' ,6X, 'SAHPLIN 
CG  RANGE') 

TYPE  3126 

3126  FORMATdX, 37X, 'COUNT' ,5X, ' (IN  SECONDS) ’, 5X, 'SWITCH  POSITION’) 

TYPE  61 

61  FORMATdX, 64X, '  (AS  A  PERCENT)'/) 

IF (SELECT (7) . EQ. ' 2 ' )  GO  TO  3133 
TYPE  3039 

3039  FORMATdX, 'NORMAL  BREATHING  STRAIGHT  AHEAD  '  ,  $> 

ACCEPT  3040, IC1 

3040  FORMATU6) 

CALL  CLEAR (LINES) 

TYPE  3112, IC1 

3112  FORMAT(lH+, ’NORMAL  BREATHING  STRAIGHT  AHEAD ' ,T37, 16 ,T52 , 1H  ,  $) 
ACCEPT  3113,ICTP1 

3113  FORMAT(I2) 

CALL  CLEAR (LINES) 
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TYPE  62 ,  IC1 , ICTP1 

62  F0RMAT(1H+, 'NORMAL  BREATHING  STRAIGHT  AHEAD ' ,T37, 16 ,T53 , 12 ,T69 , 1H 
C  ,  $) 

ACCEPT  64 , SRSP1 
TYPE  3041 

3041  FORMAT (IX, 'DEEP  BREATHING  STRAIGHT  AHEAD  • , $) 

ACCEPT  3040, IC2 

CALL  CLEAR(LINES) 

TYPE  3114, IC2 

3114  F0RMAT(1H+, 'DEEP  BREATHING  STRAIGHT  AHEAD • ,T37, 16 ,T52, 1H  , $) 

ACCEPT  3113 ,  ICTP2 

CALL  CLEAR (LINES) 

TYPE  63 , IC2 , ICTP2 

63  FORMAT (1H+, 'DEEP  BREATHING  STRAIGHT  AHEAD ' ,T37, 16 ,T53 , 12 ,T69 , 1H  ,S 
C) 

64  FORMAT (1F6. 2) 

ACCEPT  64 , SRSP2 
TYPE  3042 

3042  FORMATdX, 'TALKING  '  ,  $) 

ACCEPT  3040, IC3 

CALL  CLEAR (LINES) 

TYPE  3115, IC3 

3115  FORMAT(lH+, 'TALKING' ,T37,I6,T52,1H  ,  $) 

ACCEPT  3113 , ICTP3 

CALL  CLEAR (LINES) 

TYPE  65 , IC3 , ICTP3 

65  FORMATUH+,  'TALKING'  ,T37, 16, T53, 12, T69,1H  ,  S) 

ACCEPT  64 , SRSP3 

TYPE  3043 

3043  FORMATdX,  ' SIDE-TO-SIDE  HEAD  MOVEMENTS'/ 

C'  (DEEP  BREATHING)  ’,S) 

ACCEPT  3040, IC4 
CALL  CLEAR (LINES) 

TYPE  3116, IC4 

3116  F0RMAT(1H+, ' (DEEP  BREATHING) ' ,T37 , 16 ,T52 , 1H  , $) 

ACCEPT  3113 , ICTP4 

CALL  CLEAR (LINES) 

TYPE  66, IC4 , ICTP4 

66  FORMAT(lH+, ' (DEEP  BREATHING) ' ,T37 , 16 ,T53 , I2,T69 , 1H  , $) 

ACCEPT  64,SRSP4 

TYPE  3044 

3044  FORMATdX, 'UP-AND-DOWN  HEAD  MOVEMENTS'/ 

C'  (DEEP  BREATHING)  ',$) 

ACCEPT  3040, IC5 
CALL  CLEAR (LINES) 

TYPE  3116, IC5 
ACCEPT  3113 , ICTP5 
CALL  CLEAR(LINES) 

TYPE  66 , ICS, ICTP5 
ACCEPT  64 ,SRSP5 
TYPE  3045 

3045  FORMATdX, 'FACIAL  GRIMACING  ',$> 

ACCEPT  3040 , IC6 

CALL  CLEAR (LINES) 

TYPE  3117, IC6 

3117  FORMAT(lH+, 'FACIAL  GRIMACING' ,T37, 16, T52,1H  , S) 

ACCEPT  3113 , ICTP6 
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CALL  CLEAR(LINES) 

TYPE  67 , IC6 , ICTP6 

67  F0RMATJ1H+, 'FACIAL  GRIMACING  ’  ,T37, 16  ,T53 , I2,T69 , 1H  ,  $) 
ACCEPT  64,SRSP6 

TYPE  2006 

TYPE  41 37 , ICCBS (1) ,ICCBS(2) 

TYPE  2006 
GO  TO  3153 

3133  CONTINUE 
TYPE  3039 
ACCEPT  3040, IC1 
CALL  CLEAR (LINES) 

TYPE  3112, IC1 
ACCEPT  3113 , ICTP1 
CALL  CLEAR (LINES) 

TYPE  62 , IC1 , ICTP1 
ACCEPT  64,SRSP1 
TYPE  3134 

3134  FORMAT (IX, 'NORMAL  BREATHING  LEFT  '  ,  $> 

ACCEPT  3040, IC2 

CALL  CLEAR (LINES) 

TYPE  3135, IC2 

3135  F0RMAT(1H+, ’NORMAL  BREATHING  LEFT ' ,T3 7 , 16 ,T52 , 1H  , S) 

ACCEPT  3113 , ICTP2 

CALL  CLEAR (LINES) 

TYPE  68, IC2 , ICTP2 

68  FORMAT (1H+, ’NORMAL  BREATHING  LEFT ’ ,T37 , 1 6 ,T53 , 12 ,T69 , 1H  , S) 
ACCEPT  64 , SRSP2 

TYPE  3136 

3136  FORMATUX,  'NORMAL  BREATHING  RIGHT  ',$) 

ACCEPT  3040, IC3 

CALL  CLEAR (LIMES) 

TYPE  3137, IC3 

3137  FORMAT (1H+, 'NORMAL  BREATHING  RIGHT ' ,T37 , 16 ,T52 , 1H  , $) 

ACCEPT  3113 , ICTP3 

CALL  CLEAR (LINES) 

TYPE  69 , IC3 , ICTP3 

69  FORMAT(lH+, 'NORMAL  BREATHING  RIGHT ' ,T37 , 1 6 ,T53 , 12 ,T69 , 1H  , S) 
ACCEPT  64 , SRSP3 

TYPE  3138 

3138  FORMAT (IX, 'NORMAL  BREATHING  DOWN  ' , S) 

ACCEPT  3040, IC4 

CALL  CLEAR (LINES) 

TYPE  3139, IC4 

3139  FORMATUH+,  'NORMAL  BREATHING  DOWN*  ,T37 , 16  ,T52 , 1H  ,  $) 

ACCEPT  3113 , ICTP4 

CALL  CLEAR (LINES) 

TYPE  70 , IC4 , ICTP4 

70  FORMAT (1H+, 'NORMAL  BREATHING  DOWN' ,T37, 16 ,T53 , 12 ,T69 , 1H  , S) 
ACCEPT  64 ,SRSP4 

TYPE  3140 

3140  FORMAT (IX, 'NORMAL  BREATHING  UP  ’,$> 

ACCEPT  3040, IC5 

CALL  CLEAR (LINES) 

TYPE  3141, IC5 

3141  FORMATUH  +  ,  'NORMAL  BREATHING  UP  '  ,T37 , 16  ,T52 , 1H  ,  S) 

ACCEPT  3113 , ICTP5 
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CALL  CLEAR (LINES) 

TYPE  71 , ICS , ICTP5 

71  F0RMAT(1H+, 'NORMAL  BREATHING  UP ’ ,T37 , 16 ,T53 , 12 ,T69, 1H  ,  $) 
ACCEPT  64, SRSP5 

TYPE  3041 
ACCEPT  3040 , IC6 
CALL  CLEAR (LINES) 

TYPE  3114, IC6 
ACCEPT  3113 , ICTP6 
CALL  CLEAR (LINES) 

TYPE  63, IC6 , ICTP6 
ACCEPT  64 , SRSP6 
TYPE  3142 

3142  FORMAT (IX, ’DEEP  BREATHING  LEFT  ',$) 

ACCEPT  3040, IC7 

CALL  CLEAR (LINES) 

TYPE  3143, IC7 

3143  FORHATQH+,  'DEEP  BREATHING  LEFT 1  ,T37 , 16 ,T52 , 1H  ,  $) 

ACCEPT  3113 , ICTP7 

CALL  CLEAR (LINES) 

TYPE  72 , IC7 , ICTP7 

72  FORI1ATUH+,  'DEEP  BREATHING  LEFT  1  ,T37 , 16 ,T53 , 12  ,T69 , 1H  ,  S) 
ACCEPT  64,SRSP7 

TYPE  3144 

3144  FORMAT (IX, 'DEEP  BREATHING  RIGHT  ',$) 

ACCEPT  3040, IC8 

CALL  CLEAR (LINES) 

TYPE  3145, IC8 

3145  FORMAT (1H+,' DEEP  BREATHING  RIGHT ' ,T37 , 16 ,T52, 1H  , S) 

ACCEPT  3113 , ICTP8 

CALL  CLEAR(LINES) 

TYPE  73, IC8, ICTP8 

73  F0RMAT(1H+, 'DEEP  BREATHING  RIGHT ’ ,T37 , 16 ,T53 , 12 ,T69 , 1H  , $) 
ACCEPT  64 , SRSP8 

TYPE  3146 

3146  FORHATQX,  'DEEP  BREATHING  DOWN  ',$) 

ACCEPT  3040, IC9 

CALL  CLEAR (LINES) 

TYPE  3147, IC9 

3147  FORMATUH+,  'DEEP  BREATHING  DOWN’ ,T37 , 16  ,T52, 1H  ,  S) 

ACCEPT  3113 , ICTP9 

CALL  CLEAR (LINES) 

TYPE  74 , IC9 , ICTP9 

74  FORM  AT  (1H+, 'DEEP  BREATHING  DOWN '  ,T37 , 16  ,T53 , 12  ,T69  ,  III  ,  $) 
ACCEPT  64 ,SRSP9 

TYPE  3148 

3148  FORMAT (IX, 'DEEP  BREATHING  UP  ',$) 

ACCEPT  3040 , IC10 

CALL  CLEAR (LINES) 

TYPE  3149, IC10 

3149  FORMAT (1H+,  'DEEP  BREATHING  UP '  ,T37 , 16  ,T52 , 1H  ,  $) 

ACCEPT  3113 , ICTP10 

CALL  CLEAR (LINES) 

TYPE  75 , IC10, ICTP10 

75  F0RMAT(1H+, 'DEEP  BREATHING  UP ' ,T37 , 16 ,T53 , 12 ,T69 , 1H  , S) 
ACCEPT  64 , SRSP10 

TYPE  3042 
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ACCEPT  3040, IC11 
CALL  CLEAR (LINES) 

TYPE  3115, IC1I 
ACCEPT  3113 , ICTP1 1 
CALL  CLEAR (LINES) 

TYPE  65 , IC11, ICTP11 
ACCEPT  64,SRSP11 
TYPE  3045 
ACCEPT  3040, IC 12 
CALL  CLEAR (LINES) 

TYPE  3117, IC12 
ACCEPT  3113 , ICTP12 
CALL  CLEAR (LINES) 

TYPE  67 , IC12 , ICTP12 
ACCEPT  64,SRSP12 
TYPE  3150 

3150  FORMATUX,  ’SIDE-TO-SIDE  HEAD  MOVEMENTS'/ 

C'  (NORMAL  BREATHING)  ' , S) 

ACCEPT  3040 , IC13 
CALL  CLEAR (LINES) 

TYPE  3151, IC13 

3151  FORMAT(lH+, ' (NORMAL  BREATHING) ' ,T37 , 16 ,T52 , 1H  ,9) 

ACCEPT  3113 , ICTP13 

CALL  CLEAR (LINES) 

TYPE  76 , IC1 3 , ICTP13 

76  FORMAT (1H+,' (NORMAL  BREATHING) ' ,T37 , 16 ,T53 , 12 ,T69 , 1H  , S) 
ACCEPT  64 , SRSP13 
TYPE  3152 

3152  FORMATUX,  ’UP-AND-DOWN  HEAD  MOVEMENTS*/ 

C*  (NORMAL  BREATHING)  ',$) 

ACCEPT  3040, IC14 
CALL  CLEAR (LINES) 

TYPE  3151, IC14 
ACCEPT  3113, ICTP14 
CALL  CLEAR (LINES) 

TYPE  76 , IC14 , ICTP14 
ACCEPT  64 , SRSP14 
TYPE  3043 
ACCEPT  3040, IC15 
CALL  CLEAR (LINES) 

TYPE  3116,IC15 
ACCEPT  3113, ICTP15 
CALI  CLEAR (LINES) 

TYPE  66, IC15, ICTP15 
ACCEPT  64 , SRSP15 
TYPE  3044 
ACCEPT  3040, IC16 
CALL  CLEAR (LINES) 

TYPE  3116, IC16 
ACCEPT  3113, ICTP16 
CALL  CLEAR (LIMES) 

TYPE  66 ,  IC16 , ICTP16 
ACCEPT  64,SRSP16 
TYPE  2006 

TYPE  4137 , ICCBS (1 ) , ICCBS (2) 

3153  TYPE  2006 
C 
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TRANSFER  INFORMATION  TO  THE  DATA. XXX  FILE 

WRITE ( 2  >  2006) 

WRITE(2,306) 

WRITE (2,4004) 

4004  FORMAT <6X, 'DEHP  RQFT  DATA'///) 

WRITE (2 , 3046) NAME 

3046  FORHAT16X, 'SUBJECT  NAME:  '  ,2X,45A1) 

WRITE (2, 3 047) MASK 

3047  FORMAT(6X, 'TYPE  OF  RESPIRATOR:  '  ,2X»45A1) 

WRITE (2 , 3043) DATE 

3048  FORMAT (6Xf 'DATE  TESTED 2X , 4 5A1 ) 

WRITE <2, 3049) TIME 

3049  FORMAT(6X, 'TIKE  TESTED 2X, 4 5A1) 

WRITE<2,2006> 

WRITE (2, 54) 

54  FORMAT (6X, 'DEHP  RQFT  CALIBRATION  DATA:  '//) 

WRITE (2, 55) 

55  FORIlAT(6X, 'CALIBRATION  PARAMETER'  ,  17X SAMPLING  RANGE ', OX ,' AVERAGE 
C') 

WRITE (2 , 56 ) 

56  FORMAT(6X,38X, 'SWITCH  POSITION’ ,7X ,' VOLTAGE ’ ) 

WRITE (2, 57) 

57  FORMAT (6X , 39X , ' (IN  PERCENT) Ox ,'( IN  VOLTS)'/) 

WRITE (2,58) 

58  FORMAT(6X, 'AVERAGE  INITIAL  VOLTAGE') 

WR I TE (2,59) 

59  FORMAT (6X, 'ASSOCIATED  WITH  THE  MAXIMUM ’ ) 

WRITE (2 ,30) KCC, VCI 

30  FORMAT(6X, 'CHAMBER  CHALLENGE  CONCENTRATION’ , 1 2X , F6 . 2 , 1 2X , F6 . 3/ ) 
WRITE <2, 58) 

WRITE ( 2  32) 

32  FORMAT(6X, 'ASSOCIATED  WITH  THE  BASELINE') 

WRITE  (2,33)  I<BC ,  VBI 

33  FORMAT <6X, 'OF  THE  DEHP  RQFT  INSTRUM  ENT ' , 16X , F6 . 2 , 1 2X , F6 . 3/ ) 

WRITE (2,34) 

34  FORMAT(6X, 'AVERAGE  FINAL  VOLTAGE’) 

WRITE (2,32) 

WRITE (2,33) KBC , VBF 
WRITE (2, 34) 

WRITE (2 , 59) 

WRITE ( 2 , 30) KCC, VCF 
WRITE(2,2006) 

WRITE(2 ,2006) 

WRITE (2 , 2006) 

WRITE (2 ,2006) 

WRITE(2 , 2006) 

WRITE (2,2006) 

WRITE  (2  ,77) 

77  FORMAT(6X, 'EXERCISE  INTEGRATOR  COUNT  INFORMATION:’///) 

WRITE  (2,73) 

78  FORMAT <6X, 'EXERCISE' ,26Xr ' INTEGRATOR' ,3X, 'TIME  PERIOD’ ,6X, 'SAMPLIN 
CG  RANGE') 

'/RITE  (2,79) 

79  FORMAT(6X,37X, 'COUNT' ,5X, ' (IN  SECONDS) ', 5X ,' SWITCH  POSITION') 

WRITE (2,80) 

80  FORMAT (6X, 6 4X, ' (AS  A  PERCENT)'/) 
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IF ( SELECT ( 7 ) . EQ . ' 2 ' )  GO  TO  3154 

TRANSFER  THE  DEHP  RQFT  INPUT  DATA  TO  ARRAYS  TO  FACILITATE 
PF  CALCULATIONS 

IC(l)=ICl 

IC(2)=IC2 
1C(3)«IC3 
IC(4) =IC4 
IC(5)  «IC5 
IC(6) =IC6 
ICTP (1) = ICTPl 
ICTP (2) =ICTP2 
ICTP (3) =ICTP3 
ICTP (4) »ICTP4 
ICTP (5) =ICTP5 
ICTP (6) =ICTP6 
SRSP(1)=SRSP1 
SRSP(2) =SRSP2 
SRSP(3) =SRSP3 
SRSP(4) =SRSP4 
SRSPC5) =SRSP5 
SRSP(6)=SRSP6 

WRITE  ( 2  3051)  IC1  ICTPl  SRSP1 

3051  FORMAT ( 6X, ' NORMAL  BREATHING  STRAIGHT  AHEAD ’ , 5X , 16 , 10X , 1 2 , 1 IX , F6 . 2) 
WRITE (2 , 3  052) IC2 , ICTP2 , SRSP2 

3052  FORflAT(6X, 'DEEP  BREATHING  STRAIGHT  AHEAD  * , 7X,  16 , 1  OX ,  12 , 1 IX ,  F6 . 2 ) 
WRITE (2, 3 053) IC3.ICTP3.SRSP3 

3053  FORMAT (6X , 'TALKING ' , 29X , 16 , 1  OX , 12 , 11X , P6 . 2) 

WRITE ( 2 , 3054) IC4 , ICTP4 , SRSP4 

3054  FORMAT(6X, 'SIDE-TO-SIDE  HEAD  MOVEMENTS' / 

C'  (DEEP  BREATHING) ' ,20X, 16, 10X, 12, 11X,F6. 2) 

WRITE <2, 3055) IC5,ICTP5,SRSP5 

3055  FORMAT(6X, 'UP-AND-DOWN  HEAD  MOVEMENTS'/ 

C'  (DEEP  BREATHING) ' ,20X, 16, 10X, 12, 1 IX, F6 . 2) 

(•(RITE  (2 , 3056)  IC6  ,  ICTP6  ,SRSP6 

3056  FORflAT(6X,  'FACIAL  GRIMACING ',  20X ,  16 , 10X ,  12 ,  X IX ,  F6 . 2/ /) 

GO  TO  3155 

3154  CONTINUE 
IC(1) =IC1 
IC(2)=IC2 
IC(3)=IC3 
IC(4) =IC4 
IC (5) =IC5 
IC(6) =IC6 
IC(7)=IC7 
IC(8)»IC8 
IC(9)«IC9 
IC(10)»IC10 
IC(11)-IC11 
IC(12)«IC12 
IC(13)-IC13 
IC (14 ) =  104 
IC(15) =105 
IC(16)-IC16 
ICTP(l) -ICTPl 
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ICTP(2) -ICTP2 

ICTP (3) =ICTP3 

ICTP(4)-ICTP4 

ICTP<5) “ICTP5 

ICTP(6)*ICTP6 

ICTP (7) =ICTP7 

ICTP (8) = ICTP 8 

ICTP(9)-ICTP9 

ICTP(IO) “ICTPIO 

ICTP (11) =ICTP11 

ICTP(12) =ICTP12 

ICTP(1 3) “ICTP13 

ICTP(14) »ICTP14 

ICTP(15)-ICTP15 

ICTP(16) “ICTP16 

SRSP(l) =SRSP1 

SRSP(2) =SRSP2 

SRSP (3) -SRSP3 

SRSP(4)«SRSP4 

SRSP(5)«SRSP5 

SRSP(6)  =>SRSP6 

SRSP (7) “SRSP7 

SRSP (8) -SRSP8 

SRSP (9) »SRSP9 

SRSP  (1 0)  “SRSP1 0 

SRSP(ll) “SRSP11 

SRSP  (12)  “SRSP1 2 

SRSP(13)-SRSP13 

SRSP(14)=»SRSP14 

SRSP (15) =SRSPl 5 

SRSPU6)  -SRSP16 

VJRITE(2 ,3  051)  IC1  ,  ICTP1 , SRSP1 

WRITE(2,3156)IC2,ICTP2,SRSP2 

3156  F0RMAT(6X, 'NORMAL  BREATHING  LEFT ' , 15X, 16 , 10X, 12 , 11X ,F6 . 2) 
WRITE (2 ,3157) IC3 , ICTP3 , SRSP3 

3157  F0RMAT(6X, 'NORMAL  BREATHING  RIGHT ' , 14X, 16 , 10X , 12 , 11X , F6 . 2) 
V7RITE (2 , 3158)  IC4 ,  ICTP4  ,  SRSP4 

3158  FORMAT (6X, 'NORMAL  BREATHING  DOWN' , 15X, 16 , 10X, 12 , 11X,F6 . 2) 
WRITE (2 , 3159) IC5 , ICTP5 , SRSP5 

3159  FORMAT (6X, 'NORMAL  BREATHING  UP ’ , 17X , 16 , 10X , 12 , 11X, F6 . 2) 
WRITE (2 , 3052) IC6 , ICTP6 , SRSP6 

V)RITE(2 ,3160)  IC7  ,  ICTP7 ,  SRSP7 

3160  FORMAT(6X, 'DEEP  BREATHING  LEFT ' , 17X, 16 ,1  OX, 12, 11X, F6 . 2) 
WRITE (2 , 3161) ICS , ICTP8 , SRSP8 

3161  FORMAT (6X, 'DEEP  BREATHING  RIGHT ' , 16X , 16 , 10X , 12 , 11X, F6 . 2) 
WRITE (2 , 3162) IC9, ICTP9 , SRSP9 

3162  FORMAT(6X,  'DEEP  BREATHING  DOVIN’ ,  17X,  16 , 10X,  12 , 11X,  F6 . 2) 
WRITE(2 , 3 163)  IC10,  ICTP10,SRSP10 

3163  FORMAT (6X, 'DEEP  BREATHING  UP ' , 19X, 16 , 10X, 12 , 11X, F6 .2) 

WRITE (2, 3053) IC11, ICTP11,SRSP11 

WRITE (2, 3164) IC12,ICTP12, SRSP1 2 

3164  FORMAT(6X, 'FACIAL  GRIMACING ',  20X ,  16 , 10X,  12 , 11X ,F6 .2) 

WRITE (2 , 3165) IC13, ICTP1 3 , SRSP13 

3165  FORMAT<6X, 'SIDE-TO-SIDE  HEAD  MOVEMENTS'/ 

C'  (NORMAL  BREATHING) ',18X, 16, 10X, 12, 11X,F6.2> 

WRITE(2,3166) IC14 , ICTP14 ,SRSP14 

3166  PORMAT(6X, 'UP-AND-DOWN  HEAD  MOVEMENTS'/ 
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C*  (NORMAL  BREATHING) ’,18X, 16, 10X, 12 , 11X, F6 . 2) 

WRITE(2, 3054) IC15 , ICTP15 , SRSP15 
WRITE(2 , 3055) IC16, ICTP16,SRSP16 
3155  CONTINUE 

CALCULATE  THE  AVERAGE  SCATTERED  LIGHT  PHOTOMETER  VOLTAGE 
OUTPUT  FOR  EACH  EXERCISE 

IF ( SELECT ( 7 ) . EQ . ' 2 ' )  GO  TO  3167 

DO  3093  1-1,6 

XC(I)-IC(I) 

XC(I>-  XC(I)/(1000.0  *  ICTP(I)) 

3093  CONTINUE 
GO  TO  3168 

3167  CONTINUE 

DO  3169  1-1,16 
XC(I)-ICCI) 

XC(I)-XC(I)/(1000.0  *  ICTP(I)) 

3169  CONTINUE 

3168  CONTINUE 
ENDFILE  2 
REWIND  2 
TYPE  2006 

TYPE  4137, ICCBS (1 ) , ICCBS 12) 

TYPE  2006 

CALCULATE  THE  INDIVIDUAL  EXERCISE  PROTECTION  FACTORS 
USING  THE  RELATIONSHIP  s  PF-(CC)/(RL) 

CALCULATION  OF:  (CC)  IS  GIVEN  BY: 

(CC)«((VCI+VCF)  (KCO/2  -  (VBI+VBF)  KBC/2) 


CALCULATION  OF:  (RL)  IS  GIVEN  BY: 
(RL)-l(XC(I) *SRSP(I)  -  (VBI+VBF) (KBC)/2) 


NOTE:  SINCE  THE  LEAK  MEASURING  SENSITIVITY  OF  THE  DEHP  RQFT 

INSTRUMENT  IS  ONE  PART  IN  TEN  TO  THE  SIXTH,  ANY  EXERCISE 
SCALED  INTEGRATOR  COUNT  VALUE  YIELDING  A  PROTECTION 
FACTOR  GREATER  THAN  1.0E+06,  WILL  BE  REPORTED  AS 
1.0E+06.  REPORTING  A  PROTECTION  FACTOR  GREATER  THAN 
1.0E+06  WOULD  BE  ERRONEOUS.  ANY  EXERCISE  SCALED 
INTEGRATOR  COUNT  VALUE  YIELDING  A  PROTECTION  FACTOR 
GREATER  THAN  1.0E+06  WILL  BE  REPORTED  AS  1.0E+06. 


TYPE  2006 

TYPE  41 37 , ICCBS (1) ,ICCBS(2) 

TYPE  2006 

CC- ( ( (VCI+VCF) * (RCC) ) /2  -  ( (VBI+VBF) * (KBC) ) /2) 
IF (SELECT (7) . EQ. 1 2 1 )  GO  TO  3173 
DO  3174  1-1,6 
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RL ( I ) * ( ( XC ( I ) *SRSP ( I ) )-< (VBI+VBF) *(KBC> )/2) 

IF(RL(I) .LE.0.0)  GO  TO  9227 
PF ( I ) =CC/RL ( I ) 

IF(PF(I) .GE. 1000000.0)  GO  TO  9227 
GO  TO  3174 

9227  PF(I)»1000000.00 
3174  CONTINUE 
GO  TO  9173 
3173  DO  9173  1=1,16 

RL ( I )  =  (  ( XC  ( I )  * SRSP  ( I )  )-( (VT.I+V'-F)  *(KFC>  )  /2) 

IF(RL<I) .LE.0.0)  CO  TO  4136 
PF  ( I )  =CC/RL  ( I ) 

IF(PF(I) .GE. 1000000.0)  GO  TO  4136 
GO  TO  9173 

4136  PF(I)=1000000.00 
9173  CONTINUE 

CALCULATE  AM  OVERALL  ARITHMETIC  AVERAGE  PROTECTION  FACTOR  FOR 
ALL  EXERCISES 

IF (SELECT (7) . EQ. '  2  ' )  GO  TO  10 

IDL=6 

IDLP=7 

GO  TO  11 

10  CONTINUE 
IDL=16 
IDLP=17 

11  CONTINUE 
KOUNT-O 
PFSUM=0 . 0 

DO  3060  MT=1 , IDL 
KOUHT=KOUNT  +  1 
PFSUM=PFSUM  +  PF(MT) 

3060  CONTINUE 

PF ( IDLP) “PFSUH/KOUOT 

CALCULATE  AN  OVERALL  TIME  WEIGHTED  AVERAGE  PROTECTION  FACTOR  FOR 
ALL  EXERCISES 

WPF=0.0 

KKOUNT=0 

PPSU!l=0.0 

DO  3194  IMT*1. ,  IDL 

KKOUNT-KKOUNT  +  ICTP (IMT) 

PPSUH-PPSUM  +  ( PF ( IMT) * ICTP ( IMT ) ) 

3194  CONTINUE 

UPF=PPSUM/KKOUNT 

C 

C  TRANSFER  THE  CALCULATED  RESULTS  TO  TEE  CALCE .  EMM  FILE 

WRITE (3 ,3061) 

3061  FORMAT  (1  HI) 

;:rite(3,3062> 

3062  FORMAT(6X, 'THE  DESCRIPTIVE  AND  PROTECTION  FACTOR  CALCULATIONS:'/) 
WRITE (3 ,9542) 

9542  FORMAT<6X, 'NOTE:  ANY  PROTECTION  FACTOR  THAT  IS  LISTED  AS'/ 

C'  1.0E+06  HAS  BEEN  ASSIGNED  THIS  VALUE  BY  DEFAULT'/ 
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C'  BECAUSE  THE  SENSITIVITY  OF  THIS  RQFT  INSTRUMENT  IS'/ 

C*  AT  MOST  ONE  PART  IN  TEN  TO  THE  SIXTH.  THE  INTEGRATOR'/ 

C'  COUNT  VALUE  FOR  A  PARTICUIAR  EXERCISE  IN  QUESTION'/ 

C'  IS  MERELY  REPRESENTATIVE  OF  INTEGRATING  THE  ELECTRICAL'/ 

C*  NOISE  AND  THE  TRUE  PROTECTION  FACTOR  IS  INDEED  GREATER') 

WRITE(3,9543) 

9543  FORMAT ( 6 X, 'THAN  1.0E+06.  ANY  EXERCISE  SCALED  INTEGRATOR'/ 

C'  COUNT  VALUE  YIELDING  A  PROTECTION  FACTOR  GREATER'/ 

C'  THAN  1.0E+06  WILL  BE  REPORTED  AS  1.0E+06.'//) 

WRITE (3  , 3176) 

3176  FORMAT ( IX ,  '  '//) 

TYPE  3062 
TYPE  2006 
TYPE  9542 
TYPE  9543 
TYPE  2006 

TYPE  4137,ICCBS(1) ,ICCBS(2) 

TYPE  2006 
WRITE(3, 3046) NAME 
WRITE (3, 3 047) MASK 
WRITE (3 ,3 04 8) DATE 
WRITE (3 ,3049) TIME 
WRITE (3 ,3176) 

TYPE  3046, NAME 
TYPE  3047, MASK 
TYPE  3 04 8, DATE 
TYPE  3049, TIME 
TYPE  2006 
WRITE (3 ,3063) 

3063  FORMAT(6X, 'EXERCISE* ,29X, 'PROTECTION  FACTOR'/) 

IF (SELECT (7) . EQ. ' 2 ' )  GO  TO  3175 

WRITE (3 ,3064>PF(1> 

TYPE  3064, PF(1) 

3064  FORMAT  (6X,  'NORMAL  BREATHING  STRAIGHT  AHEAD ',  6.\ ,  1PE12 . 1) 

WRITE  (3 ,3065)  PF  (2) 

TYPE  3065, PF(2) 

3065  FORMAT(6X, 'DEEP  BREATHING  STRAIGHT  AHEAD 8X, 1PE12 . 1) 

WRITE  (3 ,3066)  PF  (3) 

TYPE  3066, PF(3) 

3066  FORMAT (6X, 'TALKING ', 3 OX , 1PE12 . 1) 

WRITE (3 ,3067)  PF(  4) 

TYPE  3067, PF(4) 

3067  FORMAT(6X, ' SIDE-TO-SIDE  HEAD  MOVEMENTS'/ 

C*  (DEEP  BREATHING) ' , 21X , 1PE12 . 1) 

WRITE (3 , 3068) PF ( 5) 

TYPE  3068, PF(5) 

3068  FO RMAT( 6 X, 'UP-AND-DOWN  HEAD  MOVEMENTS'/ 

C'  (DEEP  BREATHING)  ' 21X, 1PE1 2 . 1 ) 

WRITE (3 , 3069)  PF  (6) 

TYPE  3069, PF (6) 

3069  FORMAT(6X, 'FACIAL  GRIMACING ', 2 IX , 1PE12 . 1) 

TYPE  2006 

WRITE(3 ,2006) 

WRITE (3 ,3070)  PF  (7) 

TYPE  3070, PF(7) 

3070  FORMAT(lHO,5X, 'OVERALL  ARITHMETIC  AVERAGE  PROTECTION  FACTOR'/ 

C'  FOR  ALL  CATEGORIES  OF  EXERCISES  ACTUALLY  PERFORMED  =  ’ 
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C , 1PE0 . 1 ) 

TYPE  2006 
'..'KITE  (3, 2  006) 

TYPE  3195,WPF 
'TRITE  (3 ,3195) UPF 

3195  FORMAT ( 1HO , 5X ,  'OVERALL  TII1E  WEIGHTED  AVERAGE  PROTECTIOtl  FACTOR’/ 
C*  FOR  ALL  CATEGORIES  OF  EXERCISES  ACTUALLY  PERFORMED  =  ' 

C ,  1PE8 . 1) 

GO  TO  3177 
3175  CONTINUE 

WRITE (3,3064) PF (1) 

TYPE  3064 , PF (1 ) 

WRITE (3  *  3179) PF (2) 

TYPE  3 179 ,  PF  (  2) 

3179  FORMAT (6X, 'NORMAL  BREATHING  LEFT ' , 1 6X , 1  PE  1 2 . 1 > 

WRITE (3 , 3100) PF (3) 

TYPE  3100, PF ( 3 ) 

3180  FORMAT (6X, 'NORMAL  BREATHING  RIGHT ' , 15H , 1  PEI 2 . 1) 

WRITE  (3, 3181  )??(•:•> 

TYPE  3101, PF< 4) 

3181  FORMAT (6X  ,  ' NORMAL  BREATHING  DOWN  '  ,  1 6X ,  1  PEI 2 . 1 ) 

WRITE (3 , 3182) PF ( 5) 

TYPE  3132, PF(5) 

3182  FORMAT (6X, 'NORMAL  BREATHING  UP ' , 1 3X , 1PE1 2 . 1) 

'WRITE (3,3065)  PF<6) 

TYPE  3065, PF(6) 

WRITE  (3 ,3134)  PF  (7) 

TYPE  3184, PF(7) 

3184  FORMAT(6X, 'DEEP  BREATHING  LEFT '  ,  18X ,  1PE1 2 . 1) 

'WRITE  (3,3185)PF(8) 

TYPE  3185, PF(8) 

3185  FORMAT(6X, 'DEEP  BREATHING  RIGHT ' , 17X , 1  PEI  2 . 1) 

WRITE (3 ,3186) PF ( 9) 

TYPE  3186, PF(9) 

3186  FORMAT(6X, 'DEEP  BREATHING  DOWN' , 18X , 1PE1 2 . 1 ) 

WRITE (3, 3107) PF (10) 

TYPE  3187  ,  PF  ( 1  0) 

3107  FORMAT(6X, 'DEEP  BREATHING  UP ' , 2 OX , 1  PEI 2 . 1 ) 

WRITE (3,3066) PF(ll) 

TYPE  3  066 , PF (1 1 ) 

WRITE  (3,3069)  PF  ( 1 2) 

TYPE  3069 , PF ( 12) 

WRITE ( 3 ,3190) PF (1 3) 

TYPE  3 190  ,  PF  ( 1  3) 

3190  FORMATtGX, ' SIDE-TO-SIDE  HEAD  MOVEMENTS'/ 

C'  ( NORMAL  BREATHING)  ' , 19X , 1  PE  1 2 . 1 ) 

WRITE (3,3191) PF(14) 

TYPE  3191 , PF ( 14) 

3191  FORMATC6X, 'UP-AND-DOWN  HEAD  MOVEMENTS'/ 

C'  (NORMAL  BREATHING)  ' , 19X , 1  PE  1 2 . 1 ) 

WRITE (3 , 3  067) PF ( 15) 

TYPE  3067 , PF ( 1 5 ) 

WRITE (3 , 306  8)  PF  ( 16) 

WRITE  (3,2006) 

TYPE  3068 , PF ( 16) 

TYPE  39 

39  FORMAT ( IX , //// ) 
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WRITE(3 , 3070) PF ( IDLP) 

TYPE  307  0 ,  PF  ( IDLP) 

TYPE  2006 
WRITE (3 ,3176) 

TYPE  3195, WPF 
WRITE(3 ,3195)WPF 
3177  CONTI HUE 
TYPE  2006 

TYPE  4137 , ICCBS (1) ,ICCBS(2) 

TYPE  2006 

CLOSE  THE  DATAX.XXX  AMD  CALCX.XXX  FILES 

CLOSE (UNIT=2) 

CLOSE (UNIT=3) 

THE  OPTION  OF  PROCESSING  UP  TO  NINE  SETS  OF  DEHP  RQFT  DATA 
DURING  A  SINGLE  COMPUTER  RUN  CAN  BE  ACCOMPLISHED 

29  TYPE  14 

14  FORMATUX,  'DO  YOU  WISH  TO  CALCULATE  PROTECTION  FACTORS  FOR'/ 
C'  A  DIFFERENT  SUBJECT  ?  (ANSWER  YES  OR  NO)  ',2X,$) 

ACCEPT  10 02, REP 
1002  FORMAT ( 1A1 ) 

IF ( REP . EQ . YES) GO  TO  6000 
IF ( REP . EQ .NO) GO  TO  28 
IF(REP. NE.YES.AND.REP.NE.NO)  GO  TO  29 
28  CONTINUE 
TYPE  2006 

TYPE  4137, ICCBS (1 ) , ICCBS (2) 

TYPE  2006 
TYPE  2006 

NOTIFICATION  ON  THE  CRT  SCREEN  FOR  A  SUCCESSFUL 
COMPUTER  RUN  IS  PROVIDED 

TYPE  9599 

)599  FORMAT (IX , 1 2X , 'JOB  SUCCESSFULLY  COMPLETED',////) 

STOP 

END 

SUBROUTINE  CLEAR  IS  USED  TO  ALLOW  THE  OPERATOR  TO  MAKE 
MORE  THAN  ONE  DATA  ENTRY  OH  THE  SAME  CRT  LINE.  THIS 
SUBROUTINE  ERASES  THE  LINE  OH  WHICH  THE  FIRST  DATA 
ENTRY  WAS  MADE,  AND  RETYPES  THAT  LINE,  INCLUDING  THE 
FIRST  DATA  ENTRY;  THIS  ALLOWS  ADDITIONAL  DATA  ENTRIES 
TO  BE  MADE  OH  THE  SAME  LINE  BY  MERELY  DEPRESSING 
THE  CRT  RETURN  KEY 

SUBROUTINE  CLEAR! LINES) 

BYTE  A(3) 

A(l)«27 

A(2>-65 

A(3>«75 

IF(LINES.EQ.O) LINES“1 
DO  1  1-1, LINES 
1  TYPE  4, A(l)  ,A(2)  ,A(3) 
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LIHES=0 

RETURN 

4  FORMAT  QH+,4A1,$> 
END 
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APPENDIX  C: 

DATAX.XXX  File  Contents  for  Data  in  Table  3 

(Integrator  count  data  for  the  strip- 
chart  recording  in  Fig.  5) 
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DEHP  RQFT  DATA 


SUBJECT  NAME:  CAPTAIN  EDWARD  S.  KOLESAR,  JR. 

TYPE  OF  RESPIRATOR:  USA  XM-29;  MEDIUM;  NO  GLASSES 
DATE  TESTED:  18  JUNE  1981 

TIME  TESTED:  1127  HRS 


DEHP  RQFT  CALIBRATION  DATA: 


CALIBRATION  PARAMETER 

SAMPLING  RANGE 

AVERAGE 

SWITCH  POSITION 

VOLTAGE 

(AS  A  PERCENT) 

(IN  VOLTS) 

AVERAGE  INITIAL  VOLTAGE 

ASSOCIATED  WITH  THE  MAXIMUM 
CHAMBER  CHALLENGE  CONCENTRATION 

100.00 

5.820 

AVERAGE  INITIAL  VOLTAGE 

ASSOCIATED  WITH  THE  BASELINE 

OF  THE  DEHP  RQFT  INSTRUMENT 

0.01 

0.090 

AVERAGE  FINAL  VOLTAGE 

ASSOCIATED  WITH  THE  BASELINE 

OF  THE  DEHP  RQFT  INSTRUMENT 

0.01 

0.050 

AVERAGE  FINAL  VOLTAGE 

ASSOCIATED  WITH  THE  MAXIMUM 
CHAMBER  CHALLENGE  CONCENTRATION 

100.00 

5.800 

EXERCISE  INTEGRATOR  COUNT  INFORMATION: 

EXERCISE 

INTEGRATOR  TIME 
COUNT  (IN 

PERIOD 

SECONDS) 

SAMPLING  RANGE 
SWITCH  POSITION 
(AS  A  PERCENT) 

NORMAL  BREATHING  STRAIGHT  AHEAD 

131 

10 

0.01 

DEEP  BREATHING  STRAIGHT  AHEAD 

3757 

10 

0.01 

TALKING 

SIDE-TO-SIDE  HEAD  MOVEMENTS 

11871 

10 

0.01 

(DEEP  BREATHING) 

UP-AND-DOWN  HEAD  MOVEMENTS 

11074 

10 

0.01 

(DEEP  BREATHING) 

8997 

10 

0.01 

FACIAL  GRIMACING 

6752 

10 

0.01 

AUTHOR'S  HOT:  The  information  in  Table  3,  in  the  text,  is  repeated 
here  to'show  the  format  of  the  computer-generated  data  file. 
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CALCX.XXX  File  Contents  for  Data  in  Table  4 

(Protection  factor  computer  program  cal¬ 
culation  for  the  data  in  Table  3) 
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THE  DESCRIPTIVE  AND  PROTECTION  FACTOR  CALCULATIONS 


NOTE:  ANY  PROTECTION  FACTOR  THAT  IS  LISTED  AS  1.0E+06  HAS  BEEN  ASSIGNED 
THIS  VALUE  BY  DEFAULT  BECAUSE  THE  SENSITIVITY  OF  THIS  RQFT  INSTRU¬ 
MENT  IS  AT  MOST  ONE  PART  IN  TEN  TO  THE  SIXTH.  THE  INTEGRATOR 
COUNT  VALUE  FOR  A  PARTICULAR  EXERCISE  IN  QUESTION  IS  MERELY  REPRE¬ 
SENTATIVE  OF  INTEGRATING  THE  ELECTRICAL  NOISE  AND  THE  TRUE  PROTEC¬ 
TION  FACTOR  IS  INDEED  GREATER  THAN  1.0E+06.  ANY  EXERCISE  SCALED 
INTEGRATOR  COUNT  VALUE  YIELDING  A  PROTECTION  FACTOR  GREATER  THAN 
1.0E+06  WILL  BE  REPORTED  AS  1.0E+06. 


SUBJECT  NAME: 

TYPE  OF  RESPIRATOR: 
DATE  TESTED: 

TIME  TESTED: 


CAPTAIN  EDWARD  S.  KOLESAR,  JR. 
USA  XM-29;  MEDIUM;  NO  GLASSES 
18  JUNE  1981 
1127  HRS 


EXERCISE 


PROTECTION  FACTOR 


NORMAL  BREATHING  STRAIGHT  AHEAD  1.0E+06 

DEEP  BREATHING  STRAIGHT  AHEAD  1.9E+05 

TALKING  5.2E+04 

SIDE-TO-SIDE  HEAD  MOVEMENTS 

(DEEP  BREATHING)  5.6E+04 

UP-AND-DOWN  HEAD  MOVEMENTS 

(DEEP  BREATHING)  7.0E+04 

FACIAL  GRIMACING  9.6E+04 


OVERALL  ARITHMETIC  AVERAGE  PROTECTION  FACTOR 

FOR  ALL  CATEGORIES  OF  EXERCISES  ACTUALLY  PERFORMED  =  2.4E+05 

OVERALL  TIME  WEIGHTED  AVERAGE  PROTECTION  FACTOR 

FOR  ALL  CATEGORIES  OF  EXERCISES  ACTUALLY  PERFORMED  =  2.4E+05 


AUTHOR'S  NOTE:  The  information  in  Table  4,  in  the  text,  is  repeated 
here  to  show  the  format  of  the  computer-generated  data  file. 
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User's  Guide  for  the  DCHPRQFT. FOR 
Computer  Program 
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CRT  SCREEN  DISPLAY 


CRT  SCREEN  DISPLAY 


CRT  SCREEN  DISPLAY  COMENT 


[31  TALK  INC 

[4J  S1D6-T0-SIDE  HEAD  MOVEMENTS  (DEEP 
BREATHING) 

[5]  UP-AND-DOWN  HEAD  MOVEMENTS  (DEEP 
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36)  USER  ATTENTION:  IF  NO  EXERCISE  COUNT  DATA  Computer  instructions  for  entering  data.  No  response 
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EXERCISE  INTEGRATOR  TIME  PERIOD  SAMPLING  RANGE 
COUNT  (IN  SECONDS)  SWITCH  POSITION 
(AS  A  PERCENT) 
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ABBREVIATIONS.  ACRONYMS.  AND  SYMBOLS 


B 

f 

B 

I 

C 

C 

a 

C 

cor 

C 

f 

C 

I 

cm 

C 

s 

cw 

DB 
DEHP 
E  or  V 
FE222 
FE259H 

FG 


a 

1C 

i.d. 

I 

I 

in. 

I 

PMT 

I 

s 

si 

KbC 


final  baseline  concentration 
Initial  baseline  concentration 
concentration 

ambient  challenge  atmosphere  concentration 

average  corrected  test  booth  ambient  challenge  concentration  (as  a  percent) 
final  ambient  test  booth  challenge  concentration 
initial  ambient  test  booth  challenge  concentration 
cent  I meter 

sampled  leakage  concentration 

chemical  warfare 

deep  breath  I ng 

dl-2-ethy Ihexy I  phthalate 

voltage  or  potential  difference 

Oynatech  Frontier  Corporation  test  booth 

Dynatech  Frontier  Corporation  di-2-ethy Ihexy I  phthalate  respirator  quantitative  fit  test 
I nstrument 

facial  grimacing 

absorbed  light  Intensity 

Integrator  count 

Inside  diameter 

incident  light  Intensity 

inch 

photomultiplier  tube  current  signal 

scattered  1 1 ght  I ntens I ty 

stray  light  circuit  current  signal 

Instrument’s  sampling  range  switch  position  (typically  100.0  percent) 

(Cont'd.  on  facing  page) 
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AggREV I ATIONS.  ACRONYMS.  ANO  SYMBOLS  (Cont'd.) 


K 

cc 

KE 

LASL 

LEO 

m 

m^ 

MBU-13/P 

mg 

mtn 

MMAD 

mV 

NaCI 

NB 

NRL 

PF 

PF 

PF 

x 

PMT 

psig 

R 

RE 

(cor,  x) 

RE 

x 

RQFT 

see 

T 


instrument's  sampling  range  switch  position  (typically  t0.0-0.01  percent) 

Instrument's  sampling  range  switch  position  used  during  the  exercise  measurement  time 
period  (typically  10.0-0.01  percent) 

Los  Alamos  Scientific  Laboratory 

1 1 ght-em I tt 1 ng-d I ode 

meter 

cubic  meter 

United  States  Air  Force  aircrew  chemical-biological  oxygen  mask 

mi  1 1 1  grams 

minute 

mass  median  aerodynamic  diameter 

millivolt 

sodium  chloride 

normal  breathing 

Naval  Research  Laboratory 

protect  ion  factor 

average  protection  factor 

protection  factor  for  a  particular  exercise  x,  for  x  =  (NB,  DB,  TH,  UD,  T,  or  FG} 

photomultiplier  tube 

pounds  per  square  inch  gauge 

resistance 

average  corrected  respirator  sampled  leakage  (as  a  percent)  for  a  particular  exercise  x, 
for  x  =  {.NB,  DB,  TH,  UD,  T,  or  FG] 

average  respirator  sampled  leakage  determined  from  a  strip-chart  recording  for  a  partic¬ 
ular  exercise  x,  for  x  =  {NB,  DB,  TH,  UD,  T,  or  FG) 

respirator  quantitative  fit  test 

second 

talking 
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(Cont'd.  on  next  page) 


ABBREVIATIONS.  ACRONWS.  AND  SYMBOLS  (Cont'd.) 


TH 

LID 

USAFSAM 

V 

V/F 

VB 


VB 


I 


VC 


VC 

i 


VN 

VNL 


turning  head  slde-to-side  with  deep  breathing 
moving  head  up-and-down  with  deep  breathing 
United  States  Air  Force  School  of  Aerospace  Medicine 
average  voltage 
vol tage-to-f requency 

average  voltage  response  associated  with  the  final  baseline  concentration  (corresponds  to  B^) 

average  voltage  response  associated  with  the  Initial  baseline  concentration  (corresponds  to 

B  ) 

I 

average  final  voltage  response  associated  with  the  test  booth  challenge  concentration  (cor¬ 
responds  to  C^) 

average  Initial  voltage  response  associated  with  the  test  booth  challenge  concentration  (cor¬ 
responds  to  C  j  > 

Crew  Technology  Division 

Crew  Environments  Branch 


VRE  average  voltage  response  associated  with  the  average  respirator  sampled  leakage  determined 

from  the  Integration  count  for  a  particular  exercise  x,  for  x  =  {NB,  DB,  TH,  UD,  T,  or  FG} 
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